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On the Distribution of Electric Potential on the Seedling 
of Vigna sesquipedalis and its Change by 
the Light Stimulation 


By Hisashi OKAMOTO* 
ROAR fd: Sb YY SHORTT L OMIT L BBY OW 
Received June 18, 1954. 


It is strongly desired to obtain informations about the distribution of substances 
and its shift with metabolic activity in a plant body as a whole and to pursue 
them within a short time in reference to the extensive studies on the metabolism in 
germination in this laboratory (1), (2). For this purpose I attempted to investigate 
the distribution of electric potential on Vigna embryo during its germination-stage, 
and its correlation with the growth. 

It was also found in these works that the resting potential undergoes a sudden 
change by a contact stimulation or by a light irradiation. Some characteristic 
properties of this excitation caused by light are described. 

In order to comprehend the meanings of the potential distribution and its 
changes in relation to the metabolic activity of tissues and their growth rates, it is 
also indispensable to obtain informations about histological structures of the plant, 
so that we may become acquainted with the qualitative spatial differentiation of 
functions of tissues on the one hand and the chronological as well as topographical 


variation in the state of growth on the other hand. 


Methods 


Material :—Seeds of Vigna sesquipedalis (1) were immersed for an hour in 0.1% solution of 
Uspulun, soaked for 5 hours in tap water, then sown on washed sand in porcelain pots and incu- 
bated in the dark at 30°C. After a while the seeds sprouted and etiolated plants grew with 
remarkable elongation velocity until about 6 days after seeding, though differentiation of shoot 
apex took place only to a small extent. Some plants were cultured for comparison under the 
scattering light in the room. Measurements were carried out with plants cultured in ths dark as 
well as those in the light in various stages of germination during 5 days. 

Apparatus :—An electron tube potentiometer of a special design (3), (4) was employed, which 
was made up of a bridge part comprising an electron tube for the potentiometrical use (UX-54 or 
54B, TOSHIBA Elec. Co.) and a potentiometer of high precision (YOKOKAWA Elec. Co., Model 
P-1) combined with an highly sensitive galvanometer (YOKOKAWA Elec. Co., Model D-3A). 


* From the Biological Institute, Faculty of Science, Nagoya University, Nagoya 
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All the circuit is illustrated in Fig. 1. 


Fig. 1. Circuit used for the measurement 
Po: potentiometer, S: universal shunt, G: galvanometer, V: UX-54, E: 
battery, 2 volt 12AH, Ex: EMF to be measured, Bg: battery, 1.5volt, Bc: 
battery, 2volt 12AH, Bp: battery 1.5voltx4, Rf1: fixed resistance 10KQ, 
Rf: fixed resistance 50K®, Rk: variable resistance 25, 1002, 20002, Sj: 
mercury change over switch, Se: ordinary switch, V/: voltmeter. 


Although the potentiometer might be operated owing to the compensation principle, its circuit 
components were changed only in the calibration and in a series of measurements kept unchanged 
in most cases; thus the potential difference was read directly from the displacement of the galver 
index after calibration. 

As main sources of error in the measurement polarization and high ohmic resistance of the 
object (about 100 KQ per cm of organ length) are to be accounted. The former can be avoided 
if the measurement is carried out without appreciable flowing of current through the object, 
realizing this perfectly by putting the inquired E.M.F. (Ex) into the grid circuit of the bulb and 
examining the variation of its plate current. To avoid the latter effect its grid resistance (Rg) 
must be high enough to surpass that of the object (R). This technical error can be estimated by 


the formula: 


R 
AE=EX Re+R 
Then, if Rg be 100 times greater than R, the error 
AE will be about 1% of the true value. For this 
purpose UX-54 with high grid resistance of 104Q 
was fairly available. If its grid circuit is strictly 


insulated, AE caused by high resistance of the 


object becomes negligibly small, even in such a 


extreme case as ] MQ of it. 


40mm As the measuring electrodes non-polarizing 

Front view Side view electrodes of Zn/ZnSO4 were employed (Fig. 2), 

Fig. 2. Non-polarizing electrode, Zn/ The characteristic properties of them were satis- 
ZnSO4/agar/Schive’s solution. fiable stability, very small mutual potential differ- 


ence (at most 1-2mV) and their resistance of 
about 50-60 x 103Q, 
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Fig. 3. above; Arrangement of 
the electrodes by the indirect 
method. 

Mo; fixed electrode, M+ ; tracing 
electrode. 

below; Embedding of the plant in 
the agar keel-blocks. 


10 


y) 


Fig. 3/’. Fluctuation of the potential distribution within 
95 minutes. Each curve represents a distribution of po- 
tential along the growth axis, being refered to the elec- 
trode on the boundary of hypocotyl! and radicle. 


tip of hypocotyl 


api Sata Kecnon= TS 
~ ve Leotyledon 


‘ 


/ (injured with the tip of 
electrode ) 


Fig. 3/.. Fall of the resting potential by a contact of the electrode at 
the time 0 and process of its recovery. 
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Reliability of the measurements can be examined by connecting the inquired E. M. F. inversely. 
AE should then be one half of the difference of both values given by this procedure. This error 
has never been over 1 mV. 

Experimental Arrangements :—Another factor which might disturb the measurement is the 
excitation arisen in the tissue caused by the mechanical stimulation on the contact of the measuring 
electrodes. The resting potential of the plant exhibits a sudden fall by such a disturbance and 
recovery of it proceeds very slowly (Fig. 3’). In hitherto published reports on the problem of 
potential distribution there have been somewhat confusions in this respect (5). In order to avoid 
such a disturbance, a method of indirect contact was adopted in this study ; that is, the material wsa 
placed in keel-blocks of many agar pieces (Fig. 3). After the recovery from the initial excitation, 
the electrodes were brought into contact with these agar pieces. One of the electrodes (Mo) was 

Distribution of the elongating velocity was determined by the marks of Indian ink at intervals 
of 5mm along the growth axis, which had been drown immediately after the measurements of the 


a)— e— cultured in the light 
b)---x--- cultured in the dark 
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Fig. 4. Distribution of the potential 
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always fixed on the boundary of hypocotyl and radicle, another one (M+) was transferred from 
one agar piece to another along the elongation axis successively, thus the resting potential differ- 
ences between Mo and M+ were measured. The potential distribution thus measured was 
satisfactory stable and of an uniformal type (Fig. 3/’). All measurements were carried out in a 
moist glass chamber furnished with Openings available for the outlet of the leads and measuring 
operations, keeping the material vertically in the air. 

potential differences. Morphological observations under the microscope were carried out mostly 
on stained preparations. Navashin’s solution was used for the fixation and sections obtained 


through ordinary paraffin method were stained with hematoxyline combined with iron-alum. 


Results 


1. Distribution of the Resting Potential. 


The distribution of the electric potential, which varied with culture age during 
5 days after germination, are illustrated in Fig. 4 a-h. It is suggested from these 


» (2) 


<<a 
") 
(mv) Bey 128i y 
es (h) 
20 
+ 
satin BD ee 
eet mn in f v/ 
r) S eee) 700 BNSC ff (mm) 
< m 
x AO 
x \ erg 
-20 ‘ ~~ red 


420hrs. 
. yarying with the growth stage. 
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data that the differences in the culture conditions (whether in the light or dark) 
have no serious influence upon the type of the potential distribution. Apparent 
disparities in the forms of these two curves (for instance, what is seen in the culture 
stage of 96 hours), however, are to be ascribed to the difference in the state of 
growth owing to the dissimilar conditions of the plants. 

The form of the potential distribution on seedlings in earlier stage (36 hours) 
coincides nearly with what is shown on those of Lupinus albus by Ramshorn (6). 
The potential distribution changes, however, its form conspicuously after 60 hours, 
especially on the hypocotyl part. A valley of the potential curve appears at the 
elongating part of the hypocotyl, and whose relative position migrates upwards with 
its progressive growth and at last it shifts completely upon the growing part of 
the epicotyl, when the elongation of the hypocotyl has utterly ceased. 

Concerning the radicle, the gradient of the potential is too steep in the elon- 
gating zone when determine its exact form by the aforementioned method. 

2. Influence of Light upon the Resting Potential 

Besides mechanical stimulation, a disturbing effect of light upon the resting 
potential had been recognized in the course of this work. 

Red light of a lamp, whose wave length is restricted above 6300 A and its 
intensity is 5 C.P., however, possesses, at a distance of about 10cm no effect upon 
the resting potential of the plant in any stage of culture. On the other hand, white 
light from a bulb of 60 watts caused a remarkable fall of the potential of the 
hypocotyl tip, although the standard point (junction of the hypocotyl and radicle) is 
similarly irradiated at the same time (Fig. 5). In this case the distance from the 
light source was appropriately enlarged to about 1m. 

It is interesting to be perceived that the more vigorous the growth is, the higher 


(min) 
96hrs 
ire Eee yy ae Nes eae ees patie, hays he Gas. Pp (L) 
SOn || eee eh 
| . poo ee PD) 


Fig. 5. Influence of light upon the resting potential at a certain point on the 


hypocotyl (H) and plumule(P). L (Light) and D (dark) represent the culture 
condition respectively. 
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the reaction intensity, or in another expression the more sensitive the tissue con- 
cerned. Behavior of the plumule is somewhat strange; the type of the light sensi- 
tivity of the dark cultured one is the same as that of the hypocotyl, while the 
potential level of the light cultured one disclosed no tendency of a fall by the 
irradiation, but a steady ascent. So-called “ off effect”, or potential fall with inter- 
ruption of lighting is also only seen in this light cultured plumule. 

3. Histological Matters. 

Through microscopic observations on the tissue structures of the embryonic 
plants we were able to ascertain clearly that the elongation and the corpulense of 
the hypocotyl and epicotyl depend only upon the cell growth, and proliferation of 
the cells by division takes no part in this case. This conclusion would be derived 
from following experimental facts. 

Bean embryos in the culture stages of 48, 72 and 96 hours were employed as 
materials. The occurrence of elongation is restricted in the zone of 10-20mm tong 


under the neck of cotyledon. This growing process is shown in Fig. 6 schematically. 
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Fig. 6. Schamatical illustration of the growing process of the seed embryo. 


Though we might have no complete data as yet, following relations were proved 
to exist substantially (see Table I and II). As regard to the cross section; there 
exist relations, 

a) Na,;=Na,=Na;, Nbs=Nb; where N’s represent number of cells in a cross 
section ; 
b) Nb,=Nb», Ney=Ne2, Ncz=Nc3 
As regard to the length section, there exist relations, 
a) laj;=la,=la3, lb2=Ib; where l’s represent average length of cells in a 
length section, 
Ib, = Lb, Ic; _ lo Ico __ Lez 
ifep) weal oie ake (oy, Lee? Icy Lc; 
where L’s represent the length of the regions 
of the plant body. 


and b) 


Values of L;/L2 and L2/L; ought to disclose inevitably somewhat appreciable fluctua- 


tion when they are compared with the ratios of cell growth themselves in a certain 


8 fi m = FE RB BOSH BIS HBA 30 42 1 4A 


range of the corresponding part, because distribution of the elongation velocity is 
naturally not homogeneous in any finite range. Values of these ratios shown in the 
Table II mean their maximum and minimum value, each corresponding to the case 
where length of slowly elongating part of the responsible region is neglected from 


the denominator or not. 


Table I. Average number of cells on a diameter, A or B. (ALB), in a cross section 


Nb, Nbo Nb3 Ney Neo 
: 34 ti 29 32 28 32 
30 30 28 27 23 


Table IL Average length of cells and elongation ratio, in a length section 


Average length of cells (1) 
| 
Epidermis | Cortex | Stele _ Conducting tissue 
Ib | 14.4 DisGy, aig 25, 2)6 Wy 108. 0 
Ibo 67.6 87.6 | — | 360. 0 
Ibo/Ibl | 4. 68 | 4, 05 | = | 3.5 
Lb)/Lby | Eire —4.0 | 
lep | 16.4 | 26.4 | 7.2 128. 0 
1c3 | 88.8 | 110.0 | 126.0 | 656. 0 
1e9/Icp | ee AT al 463. 4 5.08 
Lce3/Lez ae ee = 16S | 
Synthesis of cytoplasm seemed not to take 


place in the hypocotyl part of etiolated plants _ Nucleus 


at least 48 hours after the seeding so far mor- 
phological observations are concerned. ‘Thus it 


may be admitted that the essential work per- ie oe 
formed in their growth is the so-called turgor 

work, or the expansion of cells by the osmotic 

pressure of the solutes in the cell sap besides 

synthesis of cell-wall. Strongly basophilic granules 


Fig. 7.-(i) Strongly basophilic gran- 


It is also worthwhile to be mentioned in ules in ithe corsidona aren 


this place that the microscopic examinations 

of the embryonic tissues revealed the presence of strongly basophilic granules in 
cotyledon, which are quite distinguishable from starch granules and later on disap- 
pear with the culture has proceeded (Fig. 7). They seemed not to be anything like 
lipoid, because Sudan III cannot stain them. Dealing with 1N HCl at 60°C for ten 
minutes no appreciable change could be recognized. The nature of these granules 
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Fig. 7.-Cii) Their disappearance with the proceeding of the growth 
(a) (b) (c)—control, (d) (e) (f)—dealt with 1 N HCl at 60°C for ten minutes. 50 


and its physiological meaning are obscure in the present stage of investigations, but 
we will suppose that such a morphological signigicance can possibly refer to the 


known prominently characteristic function of this organ (J), (2), (7), (8). 


Discussion 


Bunning has stated in his well-known text-book that ,,Zum Beispiel konnen wir 
den Erfahrungssatz benutzen, dal} stark atmende Zonen gegen wenig atmende durch- 
weg elektrisch positiv sind. ...... Jedenfalls laBt diese Erfahrungsregel, eine andere 
Parallellitat interessant erscheinen; namlich die zwischen elektrischer Positivitat und 
Wachstumsintensitat, der also eine Ubereinstimmung zonaler Atmungs- und Wachs- 
tumsunterschiede entsprechen mul}. (9) 

The contents of his description seem to concern with the type of distribution 
which can be seen in earlier stage (culture of 24-48 hours) in my case. On the 
other hand, in later stage of germination (about 60 hours) the distribution of the 
elongation velocity discloses any zonal coincidence neither with the distribution of 
electric potential, nor with its gradient. So far as hypocotyl and epicotyl are 
concerned, it coincides best with the divergence of the potential gradient, that is, 
elongation is observed only in the region where the second derivative of the electric 
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potential concerning the elongation axis has a 


eEmb e A 
ree ti positive value. This experimental fact can 
ia Goa Cl Cn be explained reasonably from the following 


E, 


; considerations. 
mae Es The source of the electric potential differ- 
| ence induced by the method of surface induction 
ryil We ingnams eee are cannot be regarded but as the unequal spatial 
distribution of ions, so far as our present 
physicochemical knowledges indicate. Then 
ee electric potential difference (E) between any 
Ce Ce two parts of a biological system A and B must 
electrode be represented as follows, assuming a boundary 
Fig. 8, Schematical illustration of region of a nature of double layer. As _ illus- 
the mechamism through which the trated in Fig. 8, the potential difference is 
oie pe tenay Tilers et considered to be separated into three parts E,, 
E3 between two parts (A and B) in 

a living inhomogeneous system can FE, and £3: 


be generated. E=E,—E,+ E£; 


The former two in the right side of this equation represent falls of the phase 


boundary potential, which may be given by following representations (see Fig. 8): 


(ae it Ca 1=ni Ce Ai ) 
B= 225 in < pees 
aes COIS! EET Meee 
Weds i Cp; 1-n; (CG Bi ) 
| Sa 1 Y s ly 2 
. FUG (iy se Cei # Zi a Czi 


E; is the potential difference refered to the internal concentration chain of ions and 


can be written in the formula: 


Rie 7: CBi 
Fy= BE 5 ti jy CBI 
URE Mea eae 


In these formulae C; represents concetration of the 7-th kind of ion, Z; represents 
its ionic valence (positive for cation and negative for anion) and »; and n’; the 
transport numbers of them, concerning outer surface and inside of the system re- 
spectively. From these equations we shall have 


1: 
Ei 


( il Ca; 1-n; In CeAi ; 
Z; Czi Zi CupaiCa; 


If we can assume approximately two conditions: 


—_. = —* and CoaSCla=—Ce 


to hold, the above formula will be reduced to a more simple one, that is 
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The argument of the logarithmic function corresponds to the ratio of the total ac- 
tivity of ions for related two points. As we should always consider the potential 
difference E as related to a fixed standard point, as is the case in the description 
of experimental results, then we can write the relation in a trivial form 


where £o means potential of the standard point and ¢ the total activity of ions at 
the point of potential difference E. 

An existence of such a potential difference in any biological system depends 
upon the unequal distribution of ionic concentration maintenance of which requires 
stationary Conversion of energy and consumption of free energy. With the intention 
to elucidate correlations among growth, potential difference and energy conversion, 
following theoretical treatment was worked out. 

In an embryonic plant such as seedling of Vigna sesquipedalis, ions and metabolic 
substrates must be continuously flowing along the elongation axis. It can be assumed 
that such a flow obeys simple law of diffusion as a whole except in the conducting 
tissue. 

Total activity of ions at a point, whose position on the elongation axis is re- 
presented by x, may be expressed by e(x) in the same meaning as mentioned above 
and concentration of metabolic substrates by C(x). p will denote energy liberated 
in the unit time and unit volume at the point. Some parts of f are converted into 
the work to absorb (from the conducting tissue, if it may exist in the primitive 
form) and generate ions, denoting this g. Furthermore some parts of q are used in 
the osmotic work of ions » which participate in the plastic expansion of the cell 
wall. Then we can set up following equations ; 


dC oC 
A I Ae a 
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where ¢ represents time, s means the part of metabolite that is spent as material in 


synthesizing cell constituents, #-¢ and p: are the chemical potentials corresponding to 


C and € respectively, ke and = being the diffusion constants. In the stationary 


state we must assume 


dGalix Ge 
ie and ==()) 


Setting p+pcS=p’, we may write 
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Summing up these two equations, we can write as a general expression 


ie i 0 ee js 
Mckc Oi + [Le R. ov =w+p'—q 


where p/—q corresponds to the energy other than w, that is the endergonic work 
for the synthesis of cell substances on one hand and the part of energy lost in the 
form of heat, or the so-called energy of main- 
tenance on the other hand. ‘These relations 


can be illustrated schematically in Fig. 9. = 


aS means the balance of departure and en- 


trance of ions inthe unit time and unit volume 


and is approximately equal to the osmotic work 


Fig. 9. Schematical illustration of of ions at stationary state. It is, therefore, 
the energy balance among the trans- acceptable that any part of an organ where 
port of substances by diffusion, turgor Oe 
work, catabolic and anabolic conver- Oe has high positive value theoretically coin- 
sions. a 


cides with that of high elongation velocity. 
On the other hand, from equation (1), we have 
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positive and it will vary nearly parallel with the latter. Thus from the assumption 


It can be concluded from this equation that must be positive when is 


that the electrical potential distribution is determined by the distribution of ionic 
concentration, aforementioned experimental results showing coincidence of of with 
the distribution of elongation velocity can generally be understood. 

The abrupt changes of the distribution of potential by light is a noteworthy 
fact, especially in the sence that various functional rolls of light in the plant may 
be apprehended through quantitative analysis on this phenomenon to the certain 
extent. In general the light stimulation appears to play an important roll in plant 
life. For instance, so-called “ light- growth reaction ”, or phototropism and photonasty 
and fall of velocity in the protoplasmic movement by irradiation are regarded as 
the most general reactions that must occur in every tissues of the plant in principle. 
Moreover, relations between light and germination have been demonstrated to exist 


by many authors in various plants. In this respect the light stimulating effect on 
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the resting potential is supposed to be also a light reaction of the most general 
nature. 

It is desirable to find out what substance is responsible for absorbing light. 
Although precise investigations on the action-spectrum have not yet been carried 
out, we see reason to assume that the most probable substance may be a carotenoid 
in this case because of the ineffectiveness of the red light. 

Finally it would be worthwhile to be noticed that the unique properties in the 
light sensitivity of the embryonic leaves are considered to have an important 
meaning for the well-known function of this organ. 

Author wishes to express his gratitude to Prof. T. Mori whose kind aid and 


advice enabled this study to be accomplished. 


Summary 


1. The distribution of electric potential on the surface of the seed embryo of 
Vigna sesquipedalis and its changes with the growth stage during 5 days were 
investigated, using a vacuum tube potentiometer and Zn/ZnSO,/agar non-polarizing 
electrodes. 

2. Influences of light and mechanical stimuli on the resting potential were also 
examined, and it was succeeded to exclude these disturbing influences practically 
by an appropriate device in the measurement. 

3. The internal structure of the plant and its changes with growth were ex- 
plored from the histological aspect in relation to the potential distribution. 

4. Experimental results thus obtained indicate that the zonal distribution of 
the elongation velocity in the axial direction coincides neither with the potential 
distribution itself as has been hitherto accounted simply nor with that of potential 
gradient, but most sufficiently with that of the 2nd derivative of the potential, as 
theoretically warranted in the discussion. 

5. A working hypothesis with which these facts are to be explained was based 
upon an assumption that the distribution of resting potential on the surface of the 
plant body is determined by the spatial distribution of ionic concentration which 


ought to refer to the functional differentiation of the tissues concerned. 
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6) Seed formation. 

a) Observations on Lindernia pyxidaria and Ilysanthes dubia (=Lindernia 
dubia). In Ilysanthes dubia, the processes of the seed formation quite agree with 
those of Lindernia pyxidaria. The ovary contains numerous small semi-anatropous 
ovules. The mature embryo sac is spathulate in shape and formed of two portions 
being the broad globular micropylar and the elongated and nearly straight chalazal 
ones which are invested by the endothelium (fig. VI, 1). Three antipodal cells are 
angular and lie side by side. They immediately disintegrate after fertilization. Two 
polar nuclei meet with each other near the neck of the embryo sac. The egg ap- 
paratus occupies the micropylar end of the embryo sac within the ovule. ‘Two syner- 
gids are pyriform in shape each containing a large vacuole in its chalazal side. The 
embryo sac enlarges after fertilization. The first division of the primary endosperm 
nucleus is followed by a transverse wall to form a micropylar and a chalazal cham- 
ber (fig. VI, 2). One subsequent longitudinal division is observed to occur in the 
micropylar chamber and next in the chalazal one (fig. VI, 3), thus, four celled 
endosperm is formed. Two chalazal cells do not divide further, but act as two uni- 
nucleate chalazal haustoria containing dense cytoplasm (figs. VI, 5 and 6). Two 
micropylar cells undergo a further longitudinal division perpendicularly to the 
previous plane of division and produce four cells. Transverse divisions in each of 
these four cells result two tiers of four cells (fig. VI, 4). The micropylar tier does 
not divide further, but acts as four uni-nucleate micropylar haustoria (figs. VI, 5 
and 7). The middle tier continues transverse and longitudinal divisions to produce 
the endosperm proper, growing rapidly into a ellipsoidal mass of cells (fig. VI, 8). 
As the embryo develops, the endosperm cells are gradually broken down around the 
embryo except some outer layers which persist until the seed matures. The endo- 
thelial layer disintegrates completely. In the late stage of development of the seed 
coat, the epidermal cell-walls which still remain as thin mermbran, break down, thus 


leaving the reticulate projections being so faint that the testa appears smooth Cfig. 


* No. I was published in the Journal of Japanese Botany 29, 299-306 (1954) 
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VI, 9). In Ilysanthes hyssopoides, Krisina Iyenger (1940 b) reported the similar 
seed formation. He described that the second division of the endosperm formation 


is transverse and results in a row of three cells. But in my materials the second 
division is usually longitudinal. 
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Fig. VI. 1-9, Ilysanthes dubia (=Lindernia dubia), 1) Longitudinal section of the ovule 
after fertilization. x 640. 2) Formation of two chambered endosperm. *520. 3) Longitudinal 
division of the micropylar chamber resulting three celled endosperm. «510. 4) Transverse 
division in each of four micropylar cells results the formation of two tiers of four cells. x 490. 
5) Ovyule showing the fully developed chalazal and micropylar haustoria. x 290. 6) Trans- 
verse section of the two celled chalazal haustorium at the same stage with fig. 5. x 400. 7) 
Transverse section of the four celled micropylar haustorium at the same stage with fig. 5. x 400. 
8) Ovule showing the fully developed emdosperm. x240. 9) Longitudinal section of the 
mature seed. x 220. 10) Lindernia pyxidaria. Longitudinal section of the ovule showing the 
fully developed two celled chalazal and four celled micropylar haustorium. x 490. 


b) Observations on Bonnaya verbenaefolia (=—Vandellia anagallis) and Bonnaya 
ruellioides (=Vandellia antipoda). In Bonnaya verbenaefolia, the ovary contains 
numerous small semi-campylotropous ovules. The mature embryo sac is spathulate 
in shape and formed of two portions being the broad globular micropylar and the 
narrow elongated chalazal ones which is invested by the endothelium and slightly 
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curves towards the dorsal side (fig. VII, 8). Two polar nuclei meet with each other 
near the neck of the embryo sac. The egg apparatus occupies the micropylar end 
of the embryo sac in the ovule. The first division of the primary endosperm nucleus 
is followed by a transverse wall to form a micropylar anda chalazal chamber. The 
chalazal cell remains undivided and acts as uni-nucleate chalazal haustorium (figs. 
VII, 9 and 10). The chalazal portion of this haustorium penetrates into the hypo- 
statical region and extends almost to the epidermis of the ovule, and rapidly forms 
a bubble containing large vacuole, thus a large gourd-shaped haustorium is formed 
(figs. VII, 10 and 11). The micropylar cell divides in a longitudinal plane resulting 
two cells. Each of the two daughter cells of micropylar chamber undergoes a 
further longitudinal division perpendicularly to the previous plane of division and 
produces four cells. Transverse division in each of these four cells results two tiers 
of four cells. The micropylar tier does not divide further, but acts as four uni- 
nucleate micropylar haustoria (figs. VII, 11 and 12). The middle tier continues 
transverse and longitudinal divisions to produce the endosperm proper. In Bonnaya 
yuellioides, the processes of the seed formation agree with those of Bonnaya ver- 
benaefolia, but the former has the campylotropous ovules and the large conical 
celled chalazal haustoria (figs. VII, 13 and 14). In Bonnaya tenutfolia (=Vandellia 
tenuifolia), Krisina Iyenger (1940 b) reported the similar seed formation. He described 
that the second division of the endosperm formation is transverse and results in a 
row of three cells, the chalazal haustorium consists of two uni-nucleate cells which 
later fuse to form one bi-nucleate haustorium. But in my materials the second 
division is usually longitudinal, and the chalazal haustorium consists of one uni- 
nucleate cell from the beginning. 

c) Observations on Vandellia setulosa. The ovary contains many small ana- 
tropous ovules. The mature embryo sac is spathulate in shape, its narrow chalazal 
portion curves towards the dorsal side. The egg apparatus occupies the micropylar 
end of the embryo sac in the ovule (fig. VII, 1). The mode of the emdosperm 
formation quite agrees with that of Bonnaya verbenaefolia (figs. VII, 2-6). The 
chalazal haustorium is a large conical cell with a prominent vacuole near the 
adjacent endosperm cells, dense cytoplasm at the chalazal part and a conspicuous 
nucleus. The development of the seed coat and the enlarged endothelial cells quite 
agree with those of Bonnaya verbenaefolia and Vandellia angustifolia. The mature 
seed bears some hollows lying in five rows and the projections of thickend radial 
walls on their surface (fig. VII, 7). In Vandellia scabra (=Vandellia hirta), Krisina 
Iyenger (1940 a) reported the similer seed formation. He described that the second 


division of the endosperm formation is transverse. But in my material it is longi- 
tudinal. 


d) Observations of Vandellia angustifolia and Vandellia crustacea. In Vandellia 
angustifolia, the ovary contains many small anatropous ovules being linear in shape 


The mature embryo sac is nearly straight. The micropylar part of the embryo sac 
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Fig. VII. 1-7, Vandellia setulosa. 1) Longitudinal section of the ovule. x 360. 2) .Forma- 
tion of two chambered endosperm. «400. 3) Longitudinal division of the micropylar chamber 
results three celled endosperm. 380. 4) Further stage showing the young chalazal and 
micropylar haustorium. x 340. 5) Transverse section of the four celled micropylar haustorium 
at the same stage of fig. 4. x 470. 6) Ovule showing fully developed chalazal and degenerated 
Micropylar haustorium. x 240. 7) Longitudinal section of the immature seed. x 190. 8-12, 
Bonnaya verbenaefolia (=Vandellia anagallis). 8) Longitudinal section of the ovule. x 310. 
9) Three celled endosperm. x310. 10) The second longitudinal division of the micropylar 
chamber results five celled endosperm. x 290. 11) Ovule showing the fully developed chalazal 
and micropylar haustorium. x230. 12) Transverse section of the four celled micropylar 
haustorium at the same stage with fig. 11. «470. 13-14, Bonnaya ruellioides (= Vandellia 
antipoda). 13) Longitudinal section of the ovule. x340. 14) Further stage showing the 
young chalazal and micropylar haustorium. x 260. 
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grows through the micropyle along the funiculus. The egg apparatus is located in 
the extra-micropylar portion of the embryo sac and directly contacts with the 
funiculus. After the fertilization the micropylar part of the embryo sac begins to 
enlarge and contains a large vacuole. ‘The first division of the primary endosperm 
nucleus takes place with a transverse wall to form a micropylar and a chalazal 
chamber. The chalazal cell remains undivided and acts as a uninucleate chalazal 
haustorium (figs. VIII, 2 and 3). The micropylar cell divides on a longitudinal plane 
(fig. VIIL, 2). Each of two daughter cells of micropylar chamber undergoes a further 
transverse division which results in two tiers of two cells. In each of thus formed 
two micropylar cells the nucleus divides to form the bi-nucleate cell which function- 
ates as haustorium without further cell divisions (fig. VIII, 3). The single chalazal 
haustorium is a large conical cell with a prominent vacuole near the adjacent 
endosperm cells, denser cytoplasm near the chalazal part and a conspicuous nucleus. 
This haustorium penetrates into the hypostatical region and extends almost to the 
epidermis. As the seed approaches maturity the chalazal haustorium becomes a 
dark, shriveled structure in the chalazal knob of the ovule. The micropylar haus- 
torium extends through the micropyle and along the funiculus, shrinks somewhat 
as it becomes older, and persists in the mature seed protruding slightly beyond 
the seed coat (fig. VIII, 4). In early stage, the undivided and unelongated zygote 
is surrounded by the micropylar haustorium. When the endosperm consists of many 
cells, the zygote penetrates into the tiers of endosperm cells. 

Very early in embryo development fewer integumentary cell layers are visible 
between the endothelial layer and epidermis. At the later stage this cells break 
down, and a few remains of crushed cell can be seen. At the time when endosperm 
cells are few the endothelial cells are characterized by large appearance and denser 
cytoplasm (fig. VIII, 3), and many of such endothelial cells, at the later stage, break 
down leaving few cells which become greately enlarged and project into endosperm 
tissue. Thus the enlarged endothelial cells from pockets on the surface of the 
mature seed (figs. VIII, 5-7). Toward the late stage of development of the seed 
coat, the radial walls of some epidermal cells become thick and show X-shape in 
external view. All of the epidermal cells break down leaving the radial thickening 
and cutinized walls. Thus, the papillal remains of cutinized walls persist on the 
surface of the mature seed (fig. VIII, 4). 

In Vandellia crustacea, the ovary contains many small campylotropous ovules 
being ellipsoid in shape (fig. VIII, 8). The mature embryo sac bends toward the 
region of the micropyle where the polar nuclei meet with each other. The egg 
apparatus is located in the extra-micropylar portion of embryo sac and comes into 
directly contact with the funiculus. The processes of the endosperm formation 
almost agree with those of Vandellia angustifolia in which single uninucleate chalazal 
and two bi-nucleate micropylar haustoria are formed. A chalazal haustorium 


contains two large vacuoles in lateral side and denser cytoplasm with a large 
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Fig. VIII. 1-7, Vandellia angustifolia. 1) Longitudinal section of the ovule. x 320. 2) 
Formation of three chambered endosperm. x 270. 3) Showing the fully developed chalazal 
and micropylar haustorium. x310. 4) Longitudinal section of the mature seed. x190. 5) 
Longitudinal section of the young seed showing crushed endothelial cells. 6) The same at 
the later stage showing few cells which become enlarged and project into the endosperm tissue. 
7) Showing the endothelial cells form pockets into the endosperm. 8-9, Vandellia crustacea. 
8) Longitudinal section of the ovule after fertilization. x 290. 9) Ovule showing the fully 
developed chalazal and micropylar haustorium. x 290. 


nucleus in the middle (fig. VIII, 9). As the embryo begins to divide, two micropylar 
haustoria merge into a four-nucleate body with a vacuolate cytoplasm extending 
through the micropyle along the funiculus. The development of the seed coat and 
the enlarged endothelial cells quite agree with those of Vandellia angustifolia. In 
Vandellia crustacea, Srinivasan (1940) reported the similar seed formation. He 
described that the chalazal haustorium consists of two uni-nucleate cells which later 
often fuse to form one uni-nucleate cell, and the micropylar haustorium consists of 
four uni-nucleate cells which later fuse to form one four-nucleate cell. But in may 
investigation the chalazal haustorium consists of one uni-nucleate cell from the 
beginning, and the micropylar haustorium consists of two bi-nucleate cells which 
later fuse to form one four-nucleate cell. 

e) Observations on Torenia violacea. The oblong and oblique ovary contains 
many small campylotropous ovules being ellipsoid in shape. A hypodermal arcesporial 
cell undergoes meiosis and forms the tetrad, the chalazal one functions as the 
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Fig. IX. Torenia violacea. 1) Tetrad showing the upper three megaspores degenerating. 
x 400. Ovule showing four-nucleate embryo sac. x340. 3) Ovule showing eight-nucleate 
embryo sac. x 400. 4) Ovule showing the mature embryo sac. x 330. 5) Three celled endo- 
sperm. x 350. 6) Ovule showing the fully developed chalazal and micropylar haustorium. x 330. 
7) ‘Transverse section of the two celled micropylar haustorium. 8) Young seed showing fully 


developed chalazal and degenerated micropylar haustorium. x170. 9) Longitudinal section of 
the immature seed. x 120. 


megaspore mother cell (fig. IX, 1). The megagametophyte grows considerably in 
length at the two nucleate stage, two daughter nuclei move apart to opposite poles, 


most of the cytoplasm aggregates around them, the center is occupied by a large 


vacuole. The next division gives rise to a four-nucleate stage which is followed by 


the eight-nucleate stage comprising a micropylar and a chalazal quartet (figs. IX, 


2 and 3). At the time of eight-nucleate stage, the micropylar part of the nacked 


embryo sac protrudes out of the ovule through the micropyle along the funiculus 


(fig. IX, 4). Of the four nuclei at the chalazal end, small three give rise to the 


antipodal cells. The remaining large one moves to the center and gives rise to a 
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polar nucleus. A narrow mature embryo sac with a bent in the region of the polar 
nuclei is formed and its chalazal end is narrow while the micropylal end has a large 
bubble in which the egg apparatus is folded (fig. IX, 5). The fused polar nucleus being 
surrounded by the dense cytoplasm, is located near the upper end of the bubble. 
The three antipodals are small and soon disintegrate. As early as the megaspore 
Stage, the nucellar cells surrounding the sac become flattened. At about the time 
megagametophyte reaches four-nucleate stage, the nucellar cells surrounding the sac 
are disintegrated completely, and when reaches eight-nucleate stage an endothelial 
layer of regulary arranged cells is formed from the inner epidermis of the integu- 
ment. The integument grows considerably in thickness at the dorsal micropylar 
part, so the ovules change from an anatropous form to a campylotropous. The 
processes of the seed formation are quite agree with those of Vandellia angustifolia 
(figs. IX, 5-9). Guilford and Fisk (1952) reported the similar seed formation in 
Torenia fournieri. They described that the micropylar haustorium consists of four 
uni-nucleate cells which later fuse to form one four-nucleate cell. But in my materials 
the micropylar haustorium consists of two bi-nucleate cells which later fuse to form 
one four-nucleate cell. 

f) The modes of the seed formation of these species. In Lindernia pyxidaria 
and Ilysanthes dubia the ovules are semi-anatropous, in Vandellia setulosa and 
Vandellia angustifolia they are anatropous, in Bonnaya verbenaefolia it is semi- 
campylotropous, in Bonnaya ruellioides, Vandellia crustacea and Torenia violacea 
they are campylotropous. It has been proved from the ontogenetical evidences of 
many species of Scrophulariaceae that the anatropous ovule may be induced by the 
semi-anatropous ovule, and also that the campylotropous ovule from the anatropous 
one, thus the semi-anatropous ovule is considered the most primitive. 

In Lindernia pyxidaria, Ilysanthes dubia, Bonnaya verbenaefolia and Vandellia 
setulosa, the egg apparatus occupies the micropylar end in the ovule, while in Vandellia 
angustifolia, Vandellia crustacea and Torenia violacea, the egg apparatus goes out 
of the micropyle prior to fertilization. The bending form and extra-micropylar 
embryo sac of Vandellia crustacea and Torenia violacea may be connected with the 
straight and intra-micropylar one of Vandellia setulosa by the intermediate from of 
Vandellia angustifolia. 

Lindernia pyxidaria, Tiysanthes dubia and Vandellia setulosa bear four uni- 
nucleate micropylar haustorial cells. In Vandellia angustifolia, Vandellia crustacea 
and Torenia violacea the micropylar haustoria are characterized by having two bi- 
nucleate cells which fuse to form a four-nucleate haustorium in later stage. 

From the above mentioned facts, I can recognize three types of the haustorium 
in these species. Lindernia pyxidaria and Ilysanthes dubia belonging the first type, 
are characterized by the uni-nucleate two celled chalazal and the uni-nucleate four 
celled micropylar haustorium. Bonnaya verbenaefolia, Bonnaya ruellioides and 
Vandellia setulosa belonging the second type, are characterized by the single uni- 
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nucleate chalazal and the uni-nucleate four celled micropylar one. Vandellia 
angustifolia, Vandellia crustacea and Torenia violacea belonging the third type, are 
characterized by the single uni-nucleate chalazal and the bi-nucleate two celled 
micropylar one. In the modes of the haustorial development of Scrophulariaceae, 
L.M. Glisic (1937) suggested that the most primitive haustorium comprises four uni- 
nucleate cells, and two uni- or bi-nucleate celled haustorium and single four-, bi- or 
uni-nucleate one are to be led from this primitive form. In Vandellia hirsuta, 
Krisina Iyenger (1940 a) reported that the chalazal haustorium consists of two uni- 
nucleate cells, but the separating membran between the two cells is very thin, so 
it frequently dissolves away resulting in the formation of a single bi-nucleate 
haustorium, and one of the nuclei of this haustorium shows a marked tendency to 
degenerate, which the other enlarges considerably. Some of the sections failed to 
show any nuclear division in the chalazal chamber, which may thus be uni-nucleate 
from the beginning. These facts indicate a tendency towards the establishment of 
a uni-nucleate haustorium. In my present study, I also found that the first Lindernia 
type is the most primitive and the third Torenia type is the most advanced one 
(Cake, DO) 


Fig. X. The modes of the endosperm formation. I, Lindernia type. II, Bonnaya 
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In Lindernia pyxidaria and Ilysanthes dubia, as the endosperm full developed, 
the endothelial cells collapse and disintegrate completely. In the late stage of 
development of the seed coat, the epidermal cell-walls being composed of thin mem- 
bran, break down, so the testa appears smooth. In Bonnaya, Vandellia and Torenia, 
some endothelial cells enlarge markedly and persist in the mature seed as large 
cells which penetrate into endosperm to form pockets in it. The lateral walls of 
some outer epidermal cells of the integument bear thickenings. In the mature seed 
coat these thickenings are left as the projections extend out from the seed. 

The above mentioned facts which are listed in Table 1, suggest that Lindernia 
agrees with J/ysanthes but remarkably separates itself from others, and maintains 
the most primitive form. Jlysanthes with 2 fertile stamens and 2 staminodes is 
derived from 4 fertile stamens of Lindernia. Vandellia crustacea and Torenia violacea 
have the most progressive form as campylotropous ovules, extra-micropylar embryo 
sacs and bi-nucleate two micropylar haustoria. Bonnaya with 2 fertile stamens and 
2 staminodes and campylotropous ovules may be derived from the species with 4 
fertile stam and anatropous ovules as seen in Vandellia. 


References 


1. Glisic, L.M. Bull. Inst. Jard. Bot. Beograd 4:42 (1937); 2. Krisina Iyenger, C.V. Journ. 
Indian Bot. Soc. 18:179 (1940 a), ibidem 19:5 (1940 b); 3. Srinivasan, V.K. Journ. Indian 
Bot. Soc. 19:197 (1940); 4. Guilford, V.B. and Fisk, E.L. Bull. Torrey Bot. Club. 79:6 (1952) 


FA — FH Py Hl Hy 2 AB 
PEETAR AL 5 i 


fe AS 


WERE ICRA S Sore OT 


5p 


2 PDR OFMBAK DO IKTO BLE Ov T* 


yye* kK 


Uichir6 KISHIMOTO: Studies on the Electrical Properties of a Single Plant Cell II 
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Fig. 1. A vessel used for the 
impedance measurement. 
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Fig. 2. Time courses of changes in 
the impedance (Z=Zp—jZyx) during 
osmosis. a, b, c, d, and e show the 
cases of the osmotic gradients of 
0.1, 0.2, 0.3, 0.4, and 0.5 Mol respe- 
ctively. Numbers I-V correspond 
to the processes explained in the 
text. No osmosis occurs in I. End- 
osmosis occurs in II and V. Exosmo- 
sis occurs in III and IV. At 25°C. 
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Summary 


In the present report changes in the electric resistance of protoplasmic membrane 
and of cell sap under osmosis were studied. 

When one end of the cell of Nétella is subjected to a higher osmotic pressure 
while the other end of the same cell is under a lower osmotic pressure, water passes 
through the cell from the hypotonic side to the hypertonic side. This process is 
accompanied with increase in the resistance of cell sap and of protoplasmic mem- 
brane at the part of the cell where water enters; their resistances decrease at the 
other end where water goes out of the cell. 

The change in the ionic conductivity of the cell sap coincides very well with 
the calculated value of the change in the ionic concentration of the cell sap. The 
change in the resistance of the protoplasmic membrane is very small under lower 
osmotic gradient, but increases rapidly under higher osmotic gradient. 

When water enters the cell, no remarkable effect is detected as to the resistance 
of the protoplasmic membrane. On the contrary, when water goes out of the cell, 
ions leak more or less out of the cell together with water, which gives unfavorable 


effects on the protoplasmic membrane. 


5) A 3 RR 


1. MA - FR - A. C4 17 GAARA 3. Osterhout. W. J. V. Jour. Gen. Physiol. 
2z, 1952) 32 553-557 (1949) 


2. tHe - BA. CH 18 FA AHA MARKS, 1953) 4. veils. Cytologia (1954) Cin press) 


att 
Lyas BAe 


Pinal 


ie 
D 28 ee we 


ok Sieg 


Yonezo SUZUKI: On the Influence of Inhibitors upon the Oxidation 


of Aspartic Acid by Bacillus pumilus. 
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Fig. 1. The effect of cyanide and octyl- 
alcohol in the oxidation of aspartic 
acid by B. pumilus. 


Warburg vessels containd 2.0 ml. of bacterial 
suepension, 1.0 ml. of M/15 phosphate buffer 
(pH8.0), 0.5 ml. of 0.1 M. DL-aspartate and 
0.5 ml. of inhibitors, and final volume was 
4.0 ml. 

Curve I. Aspartate only., Curve IL. Aspartate 
and 0.5 ml. of M/100 cyanide. Curve III. 
Aspartate and 0.5 ml. of saturate octyl-alcohol. 
0.3 ml. of 10% KOH in center wall. Gas 
phase was air 30°C. 
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Table I Effect of concentration of cyanide and azide in the oxidation 
of aspartic acid by B. pumilus. 


Cyanide | Azide 
Final concentratio - ss 
(Mol. cone.) | Endogenous | 1.25x10-3 1.25x 10-4 (125x102 
Oxyge a : i aa a 
ygen uptake 65.9 15.0 ae | eas 


per 90 min. (v1) 


O2 - uptake in”, 1 


—— = — 
50 60 40 


Minutes 
Fig. 2. The effect of arsenate and arsenite 
in the oxidation of aspartic acid by B. 

" pumilus. 

Curve I. 1.0 ml. of substrate and 1.0 ml. of 
M/10 arsenate. 

Curve II. substrate only. 

Curve III. 1.0 ml. of substrate and 1.0 ml. of 
M/10 arsenite. 


Experimental condition is same to Fig. 1. 
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Fig. 3. The effect of ferrocyanide and ferri- 
cyanide in the oxidation of aspartic acid 
by B. pumilus. 


Curve I. 1.0 ml. of substrate and 1.0 ml. of 
M/10 ferrocyanide. 

Curve II. substrate only. 

Curve III. ferrocyanide only. 

Curve IV. 1.0 ml. of substrate and 1.0 ml. of 
M/10 ferricyanide. 

Experimentinl condition is same to Fig, 1. 
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Table IL Effect of inhibitors in the dehydrogenation of 
aspartic acid by B. pumilus. 


Inhibitors Final concentration (Mol) Time of reduction (min.) 
None el eR Pc 10: 011.0 
Monoiodoacetic acid OF2e10me es 
cents | 0 " "” 0.2 x 10-2 oc 
ae 5 Mercuric chloride OL2% 1057 ial 3} 
et le ” ” 0.2x10-5 22.0 
" " " 0.2 x 10-3 oc 
e = f Hydroxylamine-HCl O°25<1054 17.0 
2% Hydrazine sulphate 0.07 10-3 14.0 
5 ( Semicarbazide-HCl 0.2x10-1 oc 
aie Cyanide 0.2 10-2 9.3 
Heston 0.2% 10-3 720 
© Pa 
age |." " 0.2x 10-1 oc 
‘~ \ Pyrophosphate 0.21071 9.3 
ak Octyl-alcohol saturate/5 oc 
Bo | Ethyl-urethane 0.2x10-2 12e3 
= &~¢ Chlorate 0.2x10-2 oc 
= © Benzoate 0.2x10-3 11.0 
Ze 0.2 10-1 26.0 
Remarks : 


1. Each Thunberg tube contained 1.0 ml. of cell suspension, 1.0 ml. of M/15 
phosphate buffer (pH 8.0),: 1.0 ml. of M/10 DL- aspartate solution, 1.0 ml. of 
methylene blue (1: 10,000), and 1.0 ml. of inhibitor. Each final volume was 


5.0 ml. 30-31°C 


2. The standard color was made of 0,1 ml. of methylene blue (1: 10,000), 1.0 ml. 


of heat inactivated cell suspension and 3.9 ml. of dist. water. 


Table III Effect of arsenate and arsenite in the dehydrogenation of aspartic 
acid by B. pumilus (Experimental condition is same to Table IL.). 


Time of reduction (min.) 


endogenous 


Final conc. (Mol) Arsenate 
aspartate only TO 11 ll eee 
OL2s Oa ee Meee 8.0 
0. 2, x 10-2 sittelaisieiatcie 10. 0 
0. 2 x 10-3 ieiatate/siare> 10. 0 


Arsenite 


ICPCBIC FEET S £2 ONGSHSMIC L OLA 
Sens < SBA CH OBS Les UCB 
TERR BRS RD CHOMEBSNSA (Ce OMT 
ASE OS (23 SH HAMEL PAZC LHS 
EBSA)" 0 

ii) Sl SAlo wet 

SRA SA OR ANC OV CRRA LEE 


KRIART. CNOOKF RDS, COY s TRIB 
CRT SITKA SRS ¢ Oli zk SRS 2 A SH 
HEE EL BSENOT MOP Ab 4 HES 
SNS), RANK -NKHeG WBLFZCL 
DF Bo lyer5) “klk Vibrio cholerae CLATA 
RAY ROM EMME = 723Meg tAvekbS 
CHHRE(CS 1S EMUTIS, RLY vw BEV — 
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foe eee ERPS =RICRT RIC MOM 2 YUROTELE FCO TERHRIC & B (RE TR 
fete te USA COORG Meg 44 YD AL hea LCHIF Sx LICE SSS SL BaD 
CPE CLSDE 5 DEGChS, Letvy 7 HS. : 
1 — fi REO 7 4 KF OBFED SR 1 av ICH iv) Winns & std Rye 
LCEWSPE5S DER CHS. ~21MO—-f ARMA EAAO SA BROCE 
CHODF MIU AVI L SUB L ¢ (Ris bi SHROBAICAA SUCH SIM COL 
conn C(LREROUEPER HH SH IO MEIC AY Ste 
HESA ESE OVRIMIZ kT hl beta kam < PEE SIS TWH COMDT AK FP VIR OMNLIE=N 
Bs, COS & (HAHA eH hn <P ERO CAT RICTRMURIS LO CHR HE SZ Be 
EEE ESET SIE S ES. HED RINE NCR RIES B RL E. 
ii) ERS © ALR OL coli DL- 7 ANF ¥ YB {ECLA CH Bo 
TS LO BRERIC LOT AK SY YROBE = PPR EAO ANC OV Cit BUCH SB, F 
DHABI LOCM<PHBSNZC LlMOT +++ DSHS CaO C Sa OIC ELE FS 
Krebs? IC LOCHBShK. B. pumilus DF Fet++ 4ERC KMDELESNSD acl - FEVE 
ARF VBA B—M, BH]KICRT RICH —N DRED b GLC Fet+ (RIB{LIC BCR 
AAC LOCMB SNS. RUM Chic EE CH AW, 
BOL -CEENS Cd 3 AEE DEEN ERIE < GBR 2 Oot: SOR ERIC RH ORE 
DOB OO CHE ENCWOZAY, BBA v HLET. 
Summary 


1. Aspartic acid was oxidized both anaerobically and aerobically by the resting 
cell of Bacillus pumilus. 

2. Cyanide inhibited the oxidation of aspartate aerobically but not anaerobi- 
cally. This indicates that the observed inhibition is due to the reoxidation of the 
reduced enzyme by molecular oxygen but not to the reduction of the enzyme by its 
substrate. 

3. Mercuric chloride, monoiodoacetic acid, and ferricyanide inhibited the oxida- 
tion activity of bacteria these findings suggest that sulfhydryl group might be 
involved in the oxidation process. 

4. The sensitivity of the oxidation process to hydroxylamine, hydrazine and 
semicarbazide suggests that active carbonyl groups may also be present in the 
enzymes. 

5. From the reaction with pyrophosphate and ferrocyanide it might be concluded 
that Mg-ion is not essential in this oxidation process. 

6. The mechanism of the acceleration by arsenate and ferrocyanide is obscure. 
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Genetical Studies of Plantains* I 
Genic Analysis in the Hexaploid and Tetraploid Plants 


by Atusi YAMAURA** 
Uv 6S: aa S208 1. 6 RR, 4 OME OM 


Received July 8, 1954 


Introduction 


The plants in the genus Plantago found in Japan constitute a 2x-4x-6x polyploid 
series. On the detailed cytological studies of plantains in our country the writer will 
report in a later paper of this series. In the present paper he is going to deal with 
some characters analysed genically of hexaploid plantains, P. japonica and P. japo- 
nica {. polystachya, and of the common tetraploid plantain, P. major var. asiatica. 

After Ikeno’s studies on the common plantain?~”, hardly any genetical inves- 
tigations on this plant have been published, and the plants collected by him 
seem to have been lost by now. His studies, however, did not go beyond the certifi- 
cation of genes regarding the forms of leaves by means of cross-experiments between 
the typical and teratological leaves, and the relations among the genes acting in the 
latter forms left unsolved. Are there any genes of multiple alleles and of linkage 
groups among the genes responsible for the characters dealt with? The characters 
of the common plantain studied by Ikeno are as follows: 

incisa, contorta, lethal closely linked with contorta, contracta and variegata. 

Even among these characters, there seem yet to remain various characters to be 
studied in detail. On the diploid plantain accessible here in Tokyo, P. lanceolata, 


the writer will report in a later paper of this series. 


Genic Analysis in the Hexaploid Plantain 


Single spike vs. branched spike: As for the materials of this experiment, P. 
japonica, a normal form with long simple spikes, was obtained by the writer near 
Tokyo Bay and P. japonica f. polystachya, a form with branched spikes, was sent 
to him through the courtesy of Dr. M. Chino. 

Cross-experiments, reciprocally performed, gave the normal form in F, offspring, 
and in F2 a monogenic segregation into the normal form with single spikes and the 
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form with branched spikes in about a 3:1 ratio, as the following Table I shows. 


Table I. Segregation in Fy progeny of branched spike x single 


Phenotype 


Frequency observed 


| Single(+) Branched(b) Total | 
i 164 55) 219 7¥2=0. 00152 
164. 25 54.75 219 P>0. 95 


Frequency expected in a 3:1 ratio 


In the F» offspring of this experiment were found plantains in which one or two 
among the spikes of a stock have only one, two or three branches, though of rare 


occurrence (less than 2%), while each spike of a polystachous stock has ordinarily 


3 to about 40 branches. The plants of this rare form were classified into the group 


of a single form in the above table. 
Whether a plant has single or branched spikes, will be distinguished before the 
spikes reach about 5cm long. According to the writer’s counting, frequency of the 


Higie we Wettamspiker ota 
common tetraploid plantain (ca. 
10 cm). Right, that of F; plant 
(ca. 50 cm), of hexaploid plan- 
tains branched x single. 


spike shapes in the F, offspring raised in a 
definite place showed different results, contrary 
to expectation; for example, the segregation of 
51 single: 6 branched. This exceptional pheno- 
menon was caused probably by the abnormal 
humidity in such a place in addition to the rainy 
weather in the summer of 1953. That P. japo- 
nica f. polystachya may be from time to time 
variable, some having the form of a sigle spike, 
was remarked also by Ikeno. He observed in 
the summer of 1928 that the constant polysta- 
chous form of the plantains cultured for long 
years in his garden came to have almost com- 
pletely an allelomorphic character, a single spike, 
owing to the humidity of especially high grade. 

Although this change of polystachya to the 
normal single spike form was of frequent occur- 
rence owing to the environmental conditions, 
the reverse change from genotypically single 
form to polystachya was not observed. Where 
the writer’s. material, P. japonica, a typical form 


of single spikes, was obtained, there was not 


found a plant of branched spikes, P. japonica f, polystachya. 


Genie Analysis in the Tetraploid Common Plantain 


a) Pale yellow seedling-cotyledons 


The writer found a plant of the common plantain, P. major var. asiatica which 
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Fig. 2. Single (left two) and branched (right two) spikes of hexaploid plantains 


by self-pollination segregates the seedlings of normal green and pale yellow cotyle- 
dons in a ratio of 3:1, the latter being characterized by a weak chlorophyll develop- 
ment and perishing in two or three weeks after germination. 

It is interesting to find through several years’ experiences that this almost 
inviable plant is able to grow to maturity, though very weak, under favorable condi- 
tions. The leaves of this plant are conspicuously variegated. 

By the cross-experiments the writer recognized in F, offspring a 3 normal: 1 
yellow segregation ratio and also a 15 normal: 1 yellow segregation ratio, as the 
following Table II shows. From these data two duplicate genes ¥; and y2 were assumed. 


Table II, Segregation in F2 offspring of a cross, pale yellow 
seedling-cotyledons x normal green 


Phenotype Normal(+) Yellow (yj, ¥2) Total 

Frequency observed 1094 375 1469 x2=0, 232 

Frequency expected in a 3:1 ratio 1102 367 1469 P>0. 50 
ES ae observed 1056 1) 1135 x2=0. 962 

Frequency expected in a 15:1 ratio 1064 71 1135 | P>0. 30 


b) A strain heterozygous for vaviegata producing an abnormal segregation ratio 
The segregation ratios as for chlorophyll deficiencies of the leaf, variegata, in 
the common plantain are expected to be ordinarily 15 normal: 1 variegata or 3 
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normal : 1 variegata, and the existence of two duplicate genes, G and H, for the 
development of chlorophyll was already suggested by Ikeno#3},. A genotype 
GgHh may give a 15:1 segregation ratio in the offspring, and Gghh and ggHh a 
3:1 ratio. In the common plantain which is phylogenetically tetraploid, the existence 
of duplicate genes is expected as a matter of course. The gene G will be the same 
as the gene H, and g the same as fh, and also 4; and y2, which were studied by 
the present writer, will be the same in fact. 

A stock of contorta form with normal green leaves was found by the writer 
which segregates in the offspring in an abnormal way as for the leaf color, in about 


a 1 normal : 2 variegata ratio, as the table below shows: 


normal variegata 
1951 48 74 
1953 69 158 


The hybrid plants between this stock and other plants of this species with 
normal leaves gave a segregation ratio, 15:1. Ikeno*+® , studying the common 
plantain heterozygous for the contorta form, observed a strain which segregates quite 
abnormally. The offspring of his strain always consisted of two types, one typzca, 
the other contorta, in which the number of contorta was usually much greater than 
that of typica, the average ratio being equal to 70:30 %, contrary to the ordinary 
segregation ratio of 1 contorta : 3 typica. Such a genetical behavior of the common 
plantain seems to be of the same type as found by the present writer in the segrega- 
tion ratio of the vartegata form. 

The contorta form is characterized by leaves which wind in an abnormal way 
either to the right or to the left, and it is ordinarily recessive to typica. 

This genetical feature was explained by Ikeno on the assumption of an allele, 
L and I, which is closely linked with T (typica) and t (contorta) respectively, and 
inhibits partially the action of T according to the environmental conditions. When 
selfed, a heterozygous plant segregates as follows: 


CTD? => Ta th tas Taal, 


and the first and second terms, TL TL and ?#l tl, are not viable, so the offspring 
consists only of TL #1 which phenotypically gives either typica or contorta form, ow- 
ing to the partially inhibiting action of Z and J on the effect of T. 

As the abnormal segregation into 2 recessive form vs. 1 dominant form is 
usually about the same, the present writer can not always agree with Ikeno’s hypo- 
thesis on the two genes which inhibit partially the formation of dominant trait 
according to the environmental conditions. The writer’s observations on the F3 off- 


spring, which are now being carried on, will throw light on this abnormal genetic 
feature. 


Résume 


1. Genic analysis concerning the shapes of spikes in the hexaploid plantains 
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revealed that the branched spike (6) is a simple mendelian recessive to the single 
form. Spikes of polystachya are not always branched, but some show single spikes, 


probably owing to the humidity of specially high grade. 
2. In the common tetraploid plantain, pale yellow seedling-cotyledons were 
found by the writer to be inherited by the recessive duplicate genes (4, yo) to the 
normal green. 
3. A strain heterozygous for variegata in the common tetraploid plantain was 
found, which segregated normal and variegata in an abnormal ratio of about 1:2, 


contrary to expectation of an ordinary segregation ratios of 15:1 or 3:1. 


The writer wishes to express his cordial thanks to Prof. Shinoté of International 
Christian University, who gave valuable advices in the course of the present work. 
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Liquid Exudation of the Pollen on the 
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Generally, grass pollen is regarded to be very difficult of germination on artificial 
culture media. Many investigators!5.? have tried to induce artificially the germi- 
nation of grass pollen, and some of them’ used stigmata in the germination 
tests. However, detailed observations of the germination process on the stigma 
are lacking almost completely, so far as the present author is aware?. In the 
germination process at natural pollination, the interaction between pollen and stigma 
should be taken into consideration. The effect of the pollen grain on the stigma 
was examined by Kato®. 

As to the germination process of the barley pollen, a remarkable observation 
was made by Anthony and Harlan: “Pollen brought in contact with the stigma 
attaches itself by means of some adhesive substance present, not only on the entire 
surface of the stigma hairs but also on the pollen grain itself. Normal viable pollen 
shows a distinct swelling, evidenced by different bulgings of the grain, which gra- 
dually disappear.” This observation seems to the present author to have nothing 
to do with the change of shape usually observed and described in the germination 
process of pollen, such as projection of the pollen tube, swelling, shrinkage of the 
grain, and so forth. In the present study special attention was given to the mor- 
phological changes occurring at the first stage of pollination. 


Observations 


A mature stigma picked out from a floret was placed on a slide glass, pollinated 
with pollen from a dehiscing anther, and immediately observed under the microscope. 
The following description deals mainly with pollen of wheat and barley. 


I) Liquid exudation of pollen 


a) Change of pollen shape. On the stigma, some of the pollen grains begin to 
shrink several minutes or later after the pollination. The rest of the grains in most 
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cases undergo the following changes and germinate. 

In about ten to thirty seconds after the contact of the pollen grains with the 
stigma, they start to change their form. At first some small protuberances of 
bulgings appear on their surface. Frequently they emerge from one part of the 
grain, then appear in another place until the whole surface of the erain is covered 
with them. But in some cases the bulgings are restricted only to one or to a few parts 
of the grain. Soon these small bulgings are transformed into large wart-like pro- 
tuberances by uniting in groups, and this process is repeated until a small number 
of larger bulgings are formed. Since the first small bulgings do not appear at the 
same time on the whole ‘grain surface, the formation of the large wart-like bulgings 
does not occur simultaneously. 

After a little while, generally in several seconds, the bulgings disappear and the 
pollen grain, recovering its smooth surface, returns to the original shape. A differ- 
ence in the size of a grain before and after the changes above described can hardly 
be perceived. Pollen grains which rapidly change their form to a great extent are 
apt to burst. Generally, it takes about thirty to sixty seconds, for the phenomenon 
of emerging and disappearing of bulgings, and the phenomenon is hardly seen two 
minutes after pollination. Only in rice and maize, it takes several minutes for the 
whole process in some cases. Such change of pollen shape on the stigma was 
noticed hitherto by the author in 28 species, belonging to 19 genera of Gramineae*. 

The “wart-like form change” can also be observed in liquid paraffin and on 
agar or on water surface. In liquid paraffin the change proceeds very slowly so 
that the process can be observed more accurately. 

Almost simultaneously with the appearance of the wart-like bulgings, a small 
quantity of liquid, apparently colorless, oozes out at the portion of the stigma with 
which the pollen grain is brought in contact. This exudation was noticed in some 
cases to precede immediately the beginning of the wart formation in wheat, rye, 
maize, pearl-barley, etc. The liquid rapidly increases in amount which becomes 
stationary before the wart-like bulgings disappear. In maize it takes about fifteen to 
twenty seconds for the complete process. Thus, the pollen grains are forced to stick 
more tightly to the stigma hairs by the capillary force of the liquid. With the 
increasing quantity of liquid, the grain attached to the top of a papillate cell of a 
stigma hair glides slowly or rapidly along its side walls, and frequently jerky move- 
ment of the grain can be observed. Sometimes a liquid exudation occurs without 
any wart-like form change, but in such case, the amount of liquid is mostly small. 

The liquid persists for five to six minutes in Einkorn wheat and for ten to 


twenty minutes in rye. Thereafter some pollen grains remain unchanged and begin 
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to shrink, while the grains which proceed to germination are turgid for a long time. 
The process of wart formation and liquid exudation in Einkorn wheat and maize is 


illustrated in Fig. 1 to 8. 


Fig. 6 


Fig. 1~3. Change of pollen shape on stigma in Tviticum monococcum. Fig. 1. 25 seconds 
after pollination, wart-like protuberances. Fig. 2. 45 seconds after pollination, shows the same 
grain returned to its original shape. Fig. 8. 24 seconds after pollination, wart-like protuberances. 

Fig. 4~8. Process of wart formation and liquid exudation of pollen on stigma in Zea Mays. 
Fig. 4. 55 seconds after pollination: pollen grain A, no change of shape yet; B, beginning of 
liquid exudation between pollen and stigma. Fig. 5. The same after 2 minutes and 17 seconds: 
grain A, some small wart-like bulgings; B, increase of the liquid in amount. Fig. 6. After 2 
minutes and 29 seconds, and Fig. 7 after 2 minutes and 42 seconds: grainA, larger wart-like pro- 
tuberances. Fig, 8. 4 minutes and 24 seconds after pollination: grain A returned to its original 
shape; formation of a nipple-like protrusion. 


b) The nature of the “wart-like form change” As mentioned above, the change 
of shape and the exudation of liquid occur almost simultaneously, or the latter 
immediately precedes the former. Both phenomena, therefore, seem to have a close 


relationship and, to elucidate this point, a few experiments with rice were under- 
taken with the help of microdissecting. The liquid was observed not only on the 
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surface of the part of the stigma to which the pollen stuck but also in the vicinity. 
Pollen grains which had finished the wart-like transformation were also covered 
over the whole surface with a liquid; and if a needle touched a large wart-like pro- 
tuberance, it collapsed immediately and a droplet of liquid adhered to the needle. 
Also it was observed that when a pollen grain with the wart-like bulgings came into 
contact with another grain or a stigma hair, the bulgings fused promptly with each 
other, and then the liquid spread and filled out the space between the two grains or 
between the grain and the hair. From these observations the wart-like form change 
seems to be due to the liquid exudation from the pollen grains probably caused by 
a rapid increase in permeability. 

In one case, a pollen grain was observed to be in contact with two stigma 
‘hairs, and thereafter it adhered tightly to one hair and was released from the 
other. A thread was formed between the grain and the released stigma hair, which 
remained without any change for a long time. The liquid adhering to the micro- 
needle dried in the air to a solid mass. It seems, therefore, to be highly viscous. 


II) Nipple-like protrusion and germination 

In a little while after the pollen grain returns to its original shape, a nipple- 
like protrusion appears at the germ pore of the grain. By nipple-like protrusion the 
present author means a protrusion of the cell content. It cannot be regarded to be 
the pollen tube, for it can be produced in dead pollen grains* when supplied with 
adequate moisture. The nipple-like protrusion appears usually one to two minutes 
after pollination. Following this protrusion the grain develops a pollen tube. How- 
ever, the pollen grains which from the nipple-like protrusion do not always germinate, 
but sometimes remain in this condition for a while and then begin to shrink. But 
germination is always preceded by the nipple-like protrusion and by the exudation 
of liquid mentioned above. That pollen which is unable to germinate never exudes 
any liquid was ascertained from observations of preserved pollen, sterile pollen and 
pollen killed by heat or alcohol vapors. So it is sure that there is a very close 
relationship between the liquid exudation and pollen germination. It was found in 
rye and wheat that germination occurred even in pollen grains which, without touch- 
ing the stigma, were in contact with other grains attached to it, and also in such 
cases a liquid was observed between these grains. 

The whole process of the germination of grass pollen can be illustrated by the 
following schema. As shown in the schema, the germination proceeds in several 
ways. The most frequently observed course of germination is the following: exuda- 
tion of liquid——wart-like form change—~—>nipple-like protrusion——germination. When 
the progress is disturbed for some reason or other, the pollen tends to shrink or 
burst at any stage. 


* Rye pollen killed by heat, or preserved for 1 to 2 years 
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The wart-like form change is 

Pollination a very conspicuous and readily 

Wi NO observable phenomenon. By its 
; frequency, we can easily estimate 


the quality of pollen in respect 
to germination immediately after 


Exudation of liquid between 
pollen and stigma 


Wart-like form No form 

change change 
Nipple-like 
protrusion 


pollination. However, in the case 


of maize one has to be careful, 


because the wart-like bulgings 


sometimes appear rather late, e. g. 


@y) fourty to fifty minutes after polli- 
& ie oJ nation. In such cases the progress’ 


Fig. 9. Schema of the germination process of 
grass pollen 
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of the form change is also slug- 
gish. 
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Summary 


1. Viable pollen grains exude a liquid as soon as they adhere to the stigma, 
manifesting at the same time a form change by the formation of wart-like bulgings 
covering the surface. This apparent form change proceeds after a definite pattern, 
and the grains return to their original smooth shape in about thirty to sixty seconds 
from the beginning of the process. The phenomenon was recognized hitherto in 28 
species belonging to 19 genera of Gramineae. 

2. The liquid accumulates at the point of contact of the grain with a stigma 
hair, and fills out the space between them. The liquid can be always observed when 
germination occurs, whereas pollen grains which do not exude it are incapable of 
germination. 
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Introduction 


In some plants the flower initiation is accelerated by subjecting the seeds to a 
low temperature treatment during the first stages of germination. Many investiga- 
tions wers hitherto made as to the mechanism of the vernalization with few satis- 
factory results. 

The authors carried out several experiments with horse beans to see the inner 
physiological changes taking place during and after the vernalization procedure. As 
the water content of the cell as well as of the tissue had been considered to have 
usually a close relationship with the reactions occurring in the plant, the variation 
in the amount of water during the course of vernalization was first investigated. 
The specific gravity of the tissue powder was also measured, because this had been 
introduced by Koketsul-2) and regarded as a suitable index giving a reasonable 
standard at the quantitative investigation. Finally the authors studied on the 
changes in the amount of reducing sugars by low temperature treatment. 

This investigation was carried out in the Botanical Laboratory Faculty of Agri- 
culture, Kyushu University. 

The authors are grateful for the kind suggestion and encouragement given them 
by Proffessor Hitoshi Kojima; and they are also indebted to Ass. Proffesor Yoshio 
Tashima of Kagoshima University for his valuable suggestions during the course 


of the experiment. 


Material and Methods 


As the material some of the usual garden varieties of horse bean were used, 
because they germinate at any time from the early spring to the beginning of 
summer. The material was divided into two groups by the colours of the seed ceat: 
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namely green (that means the imperfect ripeness) and light brown (the perfect 
ripeness ). 

The seeds were immersed in water for 24 hours so that they absorb enough 
water; after the disinfection by a 0.01% solution of corrossive sublimate, they were 
washed throughly with water and put ona disinfected, suitably wet gauze in a china 
container and placed in an incubator of 25°C. After about 40 hours the seeds 
sprouted to a length of 4 mm. to 5 mm. The material, selected from these seeds, 
were subjected to a temperature of 0°C or 7°C with the control, the durations of 
the treatment being 7-, 9-, 14-, and 2l-days. When the treatment was finished, a 
part of the material was used for measuring the physiological features cited below, 
and another part of the material was planted on pots, which were placed in a green- 
house in order to protect them from the coldness of early spring. 

To calculate the water content of the seed, the authors removed the seed coat 
and weighed the naked embryo only, because the water, absorbed in the seed coat 
as well as contained between the coat and the embryo, was thought to have not 
only no physiological significance in the persent study, but also there was some 
possibility to make the confused or disturb the estimation. 

The specific gravity of the tissue powder was determined by weighing a unit 
powder-capacity of the material—or an unit volume of powder specially measured 
after Koketsu’s powder method. 

Reducing sugars were measured by Bertrand’s method, and the sugar content 
was denoted by its amount contained in an unit powder-capacity of the material. 

In order to test whether the vernalization was successful or not, fifteen plants 
of each lot of material were potted, as mentioned above, and the flower initiation 
was examined on April 25 and May 12. Number of leaves up to the node which 


bears the first flower bud, was also counted—the smaller thus number, the more 
advanced is the vernalization. 


Experimental results and Discussion 
1) Water content 


The water content generally increased with the progress of the low temperature 
treatment as shown in Fig. 1. It is clear that the water is indispensable for various 
reactions which take place in the plant body and the increase in the water con- 
tent generally indicates the increment in physiological activity of the plant. 

The water content in both the perfectly ripe and the imperfectly ripe seeds 
after the treatment at 7°C was higher than that caused by the treatment at 0°C. 
From. this fact and also from the value of specific gravity of the tissue powder 


(mentioned below), the lower temperature, 0°C, was seemingly too cold and caused 
the unfavorable changes in the plant tissues, 
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Relative value of water content 


2) Specific gravity of the tissue powder 
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A: Green, imperfectly ripe seed and 

B: light brown, perfectly ripe s2ed, held at 
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C: Green, imperfectly ripe seed and 

D: light brown, perfectly ripe seed, held at 
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Fig. 1. Change in the water content 


Bot. Mag. Tokyo, Vol. 68, No. 800 47 


The specific gravity of the tissue 
powder treated at 7°C was always 
greater than that treated 0°C, where 


the activity of the dissimilating reac- 
tion and the transformation and 
transportation of the substances were 
retarded by the low temperature. 
Taguchi’. reported that the 
specific gravity of the tissue powder 
of the mulberry tree increased in 
winter. It might be reasonable to 


say that ,this result shows the 
same tendency in mulberry tree as 
in horse bean as regards the effect 
of the low temperature. The spe- 


cific gravity of the tissue powder 


seems to have some relation with the vernalization, although it may be indirect 


collateral. 


Relative value of the specific gravity of tissue powder 


3) The amount of reducing sugars 


As shown in table 3, there were found two peaks in the amount of reducing 
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Duration of low temperature 
treatment (in days) 


0 es 14 21 


A: Green, imperfectly ripe seed and B: light 
brown, perfectly ripe seed, held at 7°C. 

C: Green imperfectly ripe seed and D: light 
brown perfectly ripe seed, held at 7°C. 


Fig. 2. Change in the specific gravity of the 
tissue powder 


sugars of the material treated at 
low temperature, as to the length 
of the duration of the treatment. 
The 


showed somewhat higher value and 


material of 7-day treatment 


that of 14-day treatment highest. 
Generally speaking, this phenomenon 
can be seen in a similar was in the 
material treated at 0°C as well as 
in that treated at 7°C, almost re- 
gardless of the ripeness of the seed, 
perfect or imperfect. It is most 
likely that the increase in the reduc- 
ing sugars to the higher activity of 
the hydrolyzing enzymes. 

An 


unexpected extraordinaly 


shortness in the value of the reducing sugars content (and indeed this was the result 


of two parallel experiments) in the imperfec 


could not be explained exactly. 


tly ripe seed treated at 0°C for 14 days, 
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The works in the winter wheat by Oveckin and others (1936) indicated that 
there was no relation between the amount of sugars and the vernalization; on the 
other hand Gregory and Purvis (1936), Gregory and De Ropp (1938), and Yamasaki 
(1943, 1944) put stress on the importance of sugars. The first of these authors 
stated that the growing embryo of the grain is able to synthesize hormones from the 
substratum containing glucose and inorganic salts. Gregory and De Ropp showed 

further that if sugar is excluded 


A: Green, imperfectly ripe seed and B: light from. thew mediliima witenem ie 
brown, perfectly ripe seed, held at 7°C. 

C: Green, imperfectly ripe seed and D: light 
brown, perfectly ripe seed, held at 0°C. they remained unvernalized.  Re- 


excised embryos were to be grown, 


cently Tashima™, Imamura and 
a Tashima! pointed out the im- 
portance of sugars to vernalize 
the embryo of radish plant in total 
700 darkness. On the other hand Kojima, 
Yahiro and Inoue! concluded that 
the supply of sugars is not strictly 


necessary for the vernalization of 


represented by relative value 


cotyledonless radish seedlings, al- 
thoug the supplying is somewhat 
300 favorable to vernalize them. 


To the authors’ regret, owing 


- powder capacity 


to the lake of untreated material 
(control), the material treated at 
low temperatures could not be com- 


pared with the control, in regard to 


amount of reducing sugar 


; } the sugar content in the 1 
Fig. 3. Change in amount of reducing sugars . apse Gt 


treatment. 


4) Investigations on the first flower bud and flowering 

The effect of vernalization increases with the progress of the low temperature 
treatment, as seen in Tables 3 and 4; and the temperature of 0°C is more effective 
than 0°C. Perfectly ripe and imperfectly ripe seeds which were treated at 7°C for 
21 days showed 100% flowering within 47 days after planting, and on the other hand 
those which were not treated at a low temperature indicated only 20% flowering in 
the case of the imperfectly ripe seed, and 0% in the perfectly ripe seeds within 68 
days after the planting, respectively. 

The authors also ascertained in the field experiment that the number of leaves 
up to the first flower bud decreased with the progress Of the low temperature treat- 
ment a sign of effective vernalization. 


It is noticeable that the fall of flower buds prior to the flowering was often 
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observed on the plants grown up from the seedlings treated at low temperature dur- 
ing insufficient time length. 


Table I. Condition of flowering on pots * 


Days after | Days after AY Green, | B: Light Ga Green, D: Light 
Duration | icine the imperfectly | brown, per- imperfectly | brown, per- 
x of low (eeatment planting | , Tipe seed ifectly ripe seed) ripe seed _fectly ripe seed 
emperature held at 7°C | held at 7°C | held at 0°C | held at 0°C 
treatment : [= - == = 

Gin days) | April 25. | April 25 | ** | 
May 12 May 12 | a b c ja b c a by © a ly 
0 52 GSaaeeoe 68 | 40 20 10-11 | BOP 20 WOR tel! Sai O.c a SOR 0S 
| | | | 
fi | 52 68 45 of 73" 73° 9=10 | 40 27 10-11};— — — | 0 30 11 
9 52 68 43 59 | 80 73 9-10 | 47 53 10-11 | 57 57 9-10 200 40 10-11 
ns | Last. +e Pe 7 |eeeee 
14 52 68 38 54 | 87 S0NS-O WEG 167 SOSLO be S7eSeO) ZO SOO 
21 52 68 | 31 47 | 87 100 7-8 | 61 67 9-10 100 100 8 eed sales 


*) Planted on March 3, 1950. The number of individuals planted: 15 

**) Number of plants bearing flower buds (indicated by percent), a: Total number of plants, 
taken April 25. b: The same as the above, taken May 12. c: Number of leaves up to the node 
of the first flower bud. 


Summary 


1. With a variety of horse beans, the variation in the water content, the specific 
gravity of the tissue powder and the amount of reducing sugars caused by the low 
temperature treatment at 7°C and 0°C were studied. 

2. The water content of the material treated at 7°C was much greater than 
that treated at 0°C. 

3. On the contrary, the specific gravity of the tissue powder was smaller in the 
former case in the latter. 

4. The amount of reducing sugars both in the material treated at 7°C and at 
0°C showed the similar change and it increased with the progress of the treatment 
up to 14 days. 

5. It was found that the treatment at 7°C was more effective than that at 0°C 
as regards to the vernalizing effect in the field experiment. 

6. The effect of vernalization increased with the progress of the low temperature 
treatment and the period of 21 days was the most effective for vernalization in the 
present experiments. 

7. The fall of flower buds prior to the sufficient flowering was sometimes 
observed on the plants grown from the seedlings which were treated at low tempera- 


ture during insufficient time length. 
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S.A. P. (EHRFEKAZ) Ele Ocenothera odorata 
Jacq. O76 % Hits L, TERRA ARIK 27°C oes 
DoUWLCAFTFFFAKE 9, 54H Carnoy 
Ue Cle Leo ENRAFIEYFALE Heul- 
gen SLIROAINICE L, &* (Cl sstt SYOMBE 
HAX7o 0 ; 

BY 1 th 1 BREED TE FO (RAR & £KO 
Mie ARULTWODo Mb 2~4 KOLEMFORO 
1 RICKEY AMFTE LL, HHOTEM RIL LOT 
WRC EMD MNS, MUFL&LBEEORCEK 
DHS EMS VL, TRH b IE 1 EO 
EN CHBLTV EV 

Il: Impatiens Balsamina L. D{ERNIPID. 
WHS Sav DEF, BENCH 6 DNC TERY GY LE 
Sy Aviz 2Y%ebOTW Do OPAL GEO 


Sucrose BeRSE GHEE T HSL 2~4 ROLE RR 


EFZELAMSHNeCWS9, COYRODEOR 
Hames lke ; 

Fi¥klz Sucrose 24%, Agar 1.5%, pH 6.5 
D S.A.P. El Impatiens DAE BAL, 30 


1 O90nothera odorata Jacq. DFE 


HOW EMORME C1 HES) 

PS FEAL; pt JERR; nF 
TRAE Heulgen KIxlc LOTHO 
Mie ddA COWS 4 AND 1 KOZEME I 
RACH L, MICILERY UIEBSRL BON 
HADRCADCWHS4LOLA SHE. MSM 
2 DOIN<S ChSo 

WI: Impatiens Balsamina L. O72 (2 HiT 
Dik) 2H YO, FCOC-HAGBWLc 
SEO, TEBE MIE IC ERIC LU 
AEE EE 2iEte, CD Impatiens DAES DIE 
MES SRO, Se siti—-7 EYE ke Aen Ko 
Hii OF (Le AE LK o 

Akl Sucrose 5%, Agar 1.5% pH 6.5 
S.A.P.ICZER eBRIR CUE) ICAL, th 2 
FICO -C < STEKVE 20 (ARIZ OVC, Carnoy 
Wie Glajse, Aceto-carmin We CHa Micrometer 
CCORRBE WISE, EME DIS e toc 
YAN aS Lie 
MAIL M3 CRANE O CHS, RIS TER AS 
FLT, HAs 120~160 »p GEHO ERM 
7 fE) CSE CMABRICBA LIN, O73 
CEELDE OID OAS, ARBRE OATH O 
OREM HC Bd DSHICES, We (RHEICA 
MIC FEBS ID HEA, TH OPER LU 
COU Sai E11 S 5 80~40 BO TER ED Het 


Hy 68 4: =f 800 & 


Haan 30 4E 2 A 


TCAD, CERES & EGY LDA ER BES 
OU ICA bh, FCOBBENSAH, LIEBY LTC 
TetkOTRA BAR S15, M4 BLORGRA 
EC Ay 

VI: Bishop?) BOE, USER I OEE 
LO, BRA Thrice < ChE ERO PERIL 
HD OLNACEMHDDOROC, WITTE OM 
REGIES ECARD AILFHONS DES DRA 
Oth, (EEO LSB b 5 LUCIE eH 
HEL, MOTMe BBL 

A(x Impatiens Balsamina L. O{ERjx, — 
25% Sucrose © S.A. P. G15 GRRE LEE 
=, 5% Sucrose D S.A.P. CRU CHES Bt 
CoN Impatiens OFEGABit ZIBED 
FERRIC BEN TEL (AL CHRSGISO 
t, ROPBE OMRE Ci PIRES BREh 
DRNC DRO TEBE O HAE DBT e eT 
RAIA LK LO CHS). 

RR (ED ALAICE} CIA EA 2 DOB (TE 
es BW 4 OM< CALL ke CHEOBYE 
(MEDD LC SHRIC BORED YOAME LI 
A CRIMI — BLOWS (BM 5) 2 EDBdHA 
Bo 

Vi TOBY GYD) DEE © BIC BER 
LCW SDE 5 BICDVY CHS Ae Impatiens 


RX 2. Pee < HL KORO RBH 
(Impatiens Balsamina iL.) 


vn--- JERR; gn... ARE 
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BR] 3. ER BOSD b, Re, Ke 
ECO PRBED AYE 
Sn--+-- FAR; vn---- FERVRM; gn------ Ema 


DAE EAM BLO RRO Fics COR 
SNK ARTS OK 0 TERRIA ORME 
2 (EO SERIE RRO 4 ORB Lb CHE 
weet, “ERR CHRAZTEFF FALL 
&Oc Heulgen Roy Ciatt leo tORERIZIE 


B14. FER OMRICE 475 OLE 
Sn-::+:: takX 3 Vie see: JERE : 
gn-:++: EMAL ; pt reeves LEK 
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re? WUS(LIE LAME ORB) 208 
ATOSL35RCL EL, FHRASL CARA 
brie aOk (Mis) 


5 = 

DIESE ES Otte EO FIC OV COMBO 
Ae COD, CHSICO cH MIC BESS Iz 
4c, Bishop bop &sklc, LIP Cade 
CLO, (ERR ED >< & dpe 
(MERE OU ¢ (BRD LBZ bNS, 
1. Ocenothera D{ENITEDE PBS < HS, 
ED O—-BRIEWA DUK § VDOACHOTERY EE 
KF hOTW TEN 


BY 5. FERRO Hide ee PIE S Abe 
PROB DAME 
Vil-«=:- AER aS 5 SM::++:: Kahy 3 OMe AWALY 
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2. WE —-ROIEMES HS Impatiens Df 
MOV CALAINC 2~4 KOTEM RE HSUEH 
SblARRoLBASNSZ9 

3. FOPRRICRYC, EHR KILRREC 
FEW (LEE L7eVL, BRIC(RC NADER ORIA 
FEES SZ OELSD (HAMWIT HS 4 OILMAC 
HOCKELi£V)o 

A, FERED (Be (Le Fe Si IC dst SBT te A 
DIB MINE) “CM, 

5. ATAU (HR Sik Sc 4 YO 
FTN ILAYLASTEVo 

6. EPRAN BLED IRRBIC ec 4 TER RIA 


HS 68 4 8% 800 & 


Hem 30 4 2 A 


He LI£\. 

7. fYeE DIN CHBROLe & OWL Chi 
Se LAER ICIP KT 0 

te ts ( Oy AY D FEES SEIT OV Ck Colchicine 
CHEB RU CULV BAYER KE bf EV YT 
Bs FPbiepok Bishop DORE, UAHA 
DBT HEIL CERRY CHET SC LIED 
, TERIXS ORME A ALEK RIC 
DORM ORLTEOZLBATW So Fe SiO 
PRED HIE IG SROB(L (KE &, ylie7e E) 
OV CHE * AFEL Ds, PA base DS Ero 
HoNCWRWOCEM SE LTCIES o 


Resumo 


Mi havis kelke da observadoj por klarigi funkcion de vegeta nukleo en la daiiro 
de la kreskado de polentubo sur la kulturaj medioj, precipe pri la agado de la nukleo. 


Giaj rezultoj estas subaj:— 


1. En polenoj de Oenothera ati Impatiens, ne Ciuj polentuboj enhavas nukleojn: 
t.e. iu polentubo en kiu enhavas neniom da nukleo. 
2. Polenoj de Oenothera povas plene kreskigi polentubon, antat ol la vagetaj 


nukleoj ankoraitt disiras, se e¢ je unu nukleo. 


3. La distancoj inter vegeta nukleo kaj genera nukleo kaj la ekstrema fino de la 
tubo estas ne konstanta. Ekzempre: genera nukleo alproksimigas provizore al vegeta 


nukleo antati ol gia dividigo. 


4. Polenoj transmetitaj de 25% sukera solvajo al 5% solvajo ne Sermas polenan 
tubon, tamen, interne de la poleno gia nukleo faras konduton same kiel en la polena 


tubo. 


5. Lati nia ordinara kono, oni komprenas ke vegeta nukleo havas iun funkcion 
por kreskado de la polentubo, sed mi tamen pensas ke @i havus rilaton al la divi- 


dado de la genera nukleo. 
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HERO S < PAO Rie O SEPTATE ABI 
OPRPMAREART LOE LU CHEMEN CWS, 
COFMD Cavers OFHICLA 4 HO54, 
Eubryales (£ Philibert JZ E#il{# Encalyptaceae 
%¢ eV.» c Diplolepideae & Haplolepideae } |<4> 
Wbhivci..4S_, Diplolepideae ICTHt+A24 CIE 
Funaria hygrometrica (Goebel, 1887, Campbell, 
1905), Mnium hornum (Strasburger, 1905), 
Mnium microphyllum (Saito & Nishita, 1954) 
DBPFAS 9, Haplolepideae [C/K 44 O-CIz 
Ceratodon purpureus) DESIRED HA, 
MOOS MILES ( BMOM ABD SHEET S 
AS 2 OMIA S < ORBEA L, 
OWE < MBO MIMIBILV- First 16 CHSDi 
ALS < PaO HORS RBBAIT L ORE CHS Ke 
& 2% Funaria hygrometrica(e ay Av 3'7), 
Mnium hornum (AAVTFAVFY T7)Clt 
32, Mnium microphyllum (a7 FayFrys 
7) Giz 64 ciktv.#e, Ceratodon purpureus (+ 
RIVZITHA AT) Cid 24 (AS ¢ BMaIC 
FAT % MH) Ch. ThbbAS < ina 
BO 16 WOM OMS < Hlss:, AS < pail 
faBD 24~64 FWIOMfdD SAS < HSo3eRT 
Bo ELTI OBA 2 Omid AHWR EN ES 
BD VRIVEITAAGTCALEO 2 BOR 
Hal @ fi_E 1c. Diplolepideae, Haplolepideae 
RMT CNGEDAA 2 4 HAIL Ld S ¢ 
REE OV FIC Be BAA DO LOCH So FF 
KR, HWOas 7 Favty rT OMR CIA 


* RAKES RE ass 
* PAILS 


TS <¢ PHO FEA BERT S MILA S < Ba 
AUIS IC IMRT S 32 Hilde Saez c 3 
Bt Lito 

Bartramia crispata (X ~ 2 7) Diplolepideae 
REBT 42e2n7F a9 F Y a7IcH LG, 
AS < BEOVREDMD b, CORROMR 
ChB LBL ONZDOCKOL 5 es 
RAK 


MBH EDGE 


Rear OWI ARLEN Clk 10 Apt 
KALE CHT DINCMYDSNZL5ICHY, COR 
REIMELC 1 APMRCORE 16~18mm 
ICEL, 2 AP), PWED byds.< SADE 
CAMA Swit So 3 AMMA HS & BRE 
Biche lc 3 APA~4 ALARICS CBD 
DA alc YO, SEATS. COlalfpl) 1 (Bl, -% 
BEI CCL 2 |n] OFRER 2 FTV EE & Lo 

JO-A OEE (L Bouin’s solution % (fi F5 Lv, 
[le A RET Dob S < DBAS So kre < 
TEV AE AWE RES SOLACE. Wik 10 
v C9, Bfalc(r Delafield’s Haematoxylin 
te FAW To 

SC MBORA: 47 77O Tht 95 
41h) (10 Ap) Opibsti% k.S & anticlinal 
walls LOCH CWS (Fig.1). = 
WAS ¢ BMHEELODPHRORMChH OC, COM 
SY oR AMGlLIRPIO periclinal walls jC LOC 
amphithecium (JR --3e3 ea) & endothecium 
CEFO5 A) OAM 2 HICK ane (Fig. 
2.am, en.)o COFOD 5 He (am) 2uEHO 
anticlinal walls (a.w.1) WkLOT 8 fila (Fig. 
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3) KBB, Vest 2 D periclinal walls (p. 
w. 2) DEC CHS 2 BIKGHETS (Fig. do 
<= |Ajsps anticlinal walls (a.w. 3) WEOT 
BBB ATCHROANS < MBICAMES SHS 
(AS < wii) £7 SO, SC MCI T 
(LO OPBIT#HINT 4S periclinal walls Ic £ 44738 
(LEME 6 fev (Figs. 6~10), fh Heald 
4 2 © anticlinal walls (a. w. 2) ICEOc 16 
HNC d (Fig. 5), Stl» CECA 8 itt 
Had GBs (Fig. 6, a.w. 3), CHEBIAL 
CH 3 D periclinal walls (p. w.3) PAEUCCH 
CAN 2 C4 ah, ILO amphithecium layer 
x 3 JelcreS Fig. 7), ©D 3 |JBOrROIS2: 
16 HHH DS7 SHS < PAC Teo, HSK 


a Hn, 
ak 
a 


ss, 68 48 = 800 & 


Ha# 30 4B 2 A 


= OAMAIE Cp. w. 3) ABBAS So HE < 
MUNCIE S S 16 HOLES 4 © anticlinal 
walls (a.w.4) CLOc 32 HIB teo, oH 
HE 4 ® periclinal walls (p.w. 4) MEET 
32 HHP SRAZLCAOAS ¢ HIME AH oS 
ADVCX HAS (Fig. 8 p.w. 4), COMBO 
(ZIPS ¢ HOA MDIC HET SALE CLAS < PR 
HORSE < 16 AAAWNIC HOC S, RTT 
GIL S ¢ PRA 23 3 DO periclinal walls 
(p.w. 3) LOC CF HDS HRA DSANS < 
Hae O 8 AWAwIc -anticlinal walls ZE¢Sc 
16 AHI t 7 (Fig. 8), ZOROMFAOIER 
MEIC PET OC Hs Hs ted aMMIORAKS S WRF L 7g 
5, AS < AAI L CHI THEO 


Figs. l~11. Cross sections through the operculer region of young capsules showing 


successive stages of development of peristomial layers stippled, x 300: 


1. Division of 


segments into quadrant; (1~3, developmental sequence) 2. Showing amphithecium 
and endothecium; 3. 8-celled stage of an amphithecial layer divided by anticlinal 


walls; 4. Showing an inner peristomial layer divided by periclinal ‘walls; 


do, 16> 


celled stage of an outer amphithecial layer divided by anticlinal walls; 6. Successive 
divisions of segments into 16-celled stage in an inner peristomial layer by anticlinal 


walls ; 


7. Stage showing an outer peristomial walls; 


8. 16-celled inner and outer 


peristomial layers, accompaning circumscribed 32-celled layer, endothecium now under 
division; 9, Inner peristomial layer under division by anticlinal walls; 10. Both 
amphithecial and endothecial cells are much increased; 11. Completion of cell divisions 


in the region of opercule. 
am. amphithecium, 
thecium, 


a. w. anticlinal walls (1~5, developmental ‘sequence), en. endo- 
i.p. 1. inner peristomial cell layer, 0.0, p. 1. circumscribed cell layer of outer 


peristomial cell layer, 0. p. 1. outer peristomial cell layer, p.w, periclinal walls d~4, 


developmental sequence), 
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D 32-celled stage #*EC 48 CHEV ABNEY & te 
& (Figs. 9, 10, 11), AFRO SZ 16~18mm 
eel LAH, FREES <« SA ORS 
AS < MORPRICEUWIS 2 SO WNTBLR & ¢ 
ab Osa» 5 I A ABET Se 16, 32, 38, 42, 
47, 48, 49, 51, 52 SOMO AoH, 48- 
celled stage IC3sIF AHR < HMIGIIC AEDS 
AS <¢ AMS AAT O 1 CML 2 CLIt 1~3) 
DBAVD SALOME ERE O 4H Hg 
(CU OMMAIL 2 ASK PRM DYES APIA 
LCE MLED 2 AS < MMIC ER BOTW 
4) €AMA CWS (Fig. 11), CORB ARNIS 
SC BMOMARECOnCKS ho, CHI 
(KEENAN Mid t OKSE SOEMEL SD 
(Figs. 11, 14, 15), Hino S < BAMoiD OIAK 
RA TRO PAPC Ae 16 AMAR < SP 
OM BbiRROMBILOCh. FELCEUMEH 
RAS ¢ BAYS < HIER Carr Fay 

PTOANVICASDSLEOSZADICHWVOE EMSS 
(Fig. 19), AS < Hide BHS5 LCA 
CtBbDS. ELC 32 Offa Rt wrist 
AS < BORER (HEC 4AflaeSat>) (Cae 
Wt SMO LALDGHS, 

DEO X54 RPA LOCO HZENEAS < 
AMS (32~48 AA), SS < Pai C16 
MOI), SS < BMI (32 AAle7I) M 3 
BOA AINA S < HORAK ES LC 
HSS < MOREY OSIFS. AS < IG 
(SAUHAFELRE, BCE 7c II Fp Pe oS TeV 32 HH 
HOBAE 48 (CUE HAIORICEE L CPBeRAA 
IZ S ¢ APHID MAD 4 HN tT 
8~5 SOMMER ORALOCADS (Bll KE 
Lt< 4% Cig. 11), COMORIAN S < 
ANDI ES < PASH DAP (EO XL 4 7 BAR) 
TEL S2—BITKRMSAC LTEXHMWIT UT 
anticlinal walls 2 aeliclinal walls }7:4éALI\a 
BbNSDC LITLOCPAAMEDSNSZ4EOL|G 
264 (Figs. 10, 11), 

REO 5 A (Fig. 2, en.) D47{E4 rds 
SRE tO CAS < PRCA ZAP ee 
cs CHD Baie > RB OR AIM LT 
VW DS CIO GWICA ONS & 45 BATE L 
V4pBUGCltteu> (Figs. 8, 9, 10, 11). & ¢ HOE 
“(LIES ¢ A44H GS (X anticlinal walls jc ko 
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C257 Shr 32 We HO, FIC WO SIC UEL ep 
PAL 2 BENT 64 OMPHMLSZC LB 
Bo 

SC RROREE: S< MOMMA DATY 
STMIOFULAS <¢ HANA 32~48 Gp 1.), 
S <BR 16 (Co.p. 1) RUSS < HALES 32 
(o.0.p.1.) © 3 JADE GC, ICAI ¢ page 
KES <P OMNIO 48 (82+16)~ 64 (48416) 
NIX 6~8 WPFOD 8 HICARENS’. tH 
kdb HBOS < PS 2 Pa CHwle2) AAS 
CHB OMM 4~6 IMIR L, &< MIL ZOW 
SCPE EMS ¢ HI OMIM TN CHAMMO 
periclinal walls O LPOMALOG, AS ¢ 
BcAS ¢MISt CIOS OBEDSEL<# 
1S Bo 

JZ ORHEL 237 FavFty ar icMWEc 
Bo & < BB ROROGWAe KOR 1 AF, 
JIF AOS <( EROPMT MPH St, © 
© 3 OMIM LMIGA IK BAHSUICKS ¢ tO 
TAKA BIC TD 5A-CHhO MIDS & OR BIDS 
Bi cis (Figs. 11, 12). & OB da bar fka3 
36 bARRDC, &<BMAAGI NSERC 
$40 HAF AOS. << DADBSICONT 3B OH 
JOAN 4 ASO, MARA Lteo, & 
(HIBICH BOC S CHAD U (vac.), HS 
PIB DIEM DIME Ds b th © ANOS LES CR 
IGELc< & Figs. 12, 13, 14), daivGHS ¢ 
PaaS (Fig. 9, 0. p. 1.) cP HeNO © iid 
FLAY LLNS < HIB (Figs. 12, 14, 0.p.) OF 
Ic, AIS < Maly (Fig. 9, i.p.1.) OAMAORL 
KEILAS < MS CFigs. 12, 18, 14, 0. p.) lcm 
QTE LT DZORBHM SI, TRETICE (EH 
MBBENCZTRLOLBHHS Figs, 18, 15, 
16)o FRICAS ¢ HIS ONE (LS Ch So SX < 
FE SD HEMT CSE D it 6 TeV IFO 5 (it 
WSBT Ala LIC d 9 Te D3 ONDE PLY, © Hite 
Diao Sri (Fig. 13), JAA ICPEOT 
HNL TA HEIC UTE LP DO SL CREICD 
Cte O BIAYEKT So. FHL S ¢ HAY b 
NMOLFCESEBLBALTCLES (Figs. 17, 
18). 

CME 4 ICHMIAAOB TBARS Bake 
PRILHESELOETHE OE MELB 
DAZ O(LMNS ¢ PAIGE OFE DC dD TC Fo woe IS 
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Figs. 12~19. Cross and radial sections through the amphithecial tissues of half-ripe 


capsules stippled x 300, and 2 outer teeth and 3 inner teeth of ripe capsule stippled, 
x200; 12~13. Early stages of thickening of the outer teeth; 14~15. Showing 
maldistribution of cytoplasm and nuclei; 16. Early stage of disappearance of cytoplasm 
and nuclei, and destruction of the parenchyma of the inner layers of the inner 
peristomes; 17~18. Basal portions of the inner and outer teeth, showing the 
peristomial thickenings in their final stage of development; 19. Fully developed teeth 
(2 outer teeth and 3 inner teeth), seen from outside. 

a.S, air space; b.m. basilar membrane; ep. amphithecial cell layer; i. p. inner 
peristome; 0. p. outer peristome; 1. lamella; m.1. middle amella; n. nucleus; p. 
processus; vac, vacuole; z.1. zigzag longitudinal line. 


FODITON CHIRK THOT<K B. ASS BAO YO OMOL FITCH ZS (Fig, 18, 1.), HS < Hh 
MAIUEDSC ACRE, HS < HII HD OMICS SICTED TC HEARILTE AUPE AUR < Te 
BAS < OGFREEN CIES 4S (Fig. 16), TCWCERMRTT SHAS ¢ ME ROSE (kB 
DS < PARE PTS < BANE & ICE LC HS OMA HV CWDS AHS < PARES IEE LV 
OAS < ICH SAO ROMGITIOESRA SVTRILIOF AO SAE CHET D (Fig. 18), 


TCHOOC, CHARICE DO, PEBTMCO & TIS S ¢ PAO IMMUNE (Lt OSMEHANGO MBE & 
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HERG LC SRD oF ICHAEL CHEE LEME 
AIC LCBO 6A, HURT CLI < HIME 
HURAPIC anticrinal walls O—*hAiYoF Wiehe 
LAR LLCHS (Fig. 17), 

CHEAS ( BMD bAS LE tOR BASH 
Wal FID CHA GEZ zigzag longitudinal line 
COTO ZBAMS ¢ MOFMITILM A EW te 
Wo COC ELS ¢ BoM ORE CIES < HB 
HHAdDs 16 HOC SOL LE—-MtTS, SE 
RLREAS < HD TPMT & RESTS Ci 
FSO AR & MOIRA RRE SSE < A bNS, 
OPE (Figs. 17,18) (Le < HII OM 
fale LOCHB LEMS Ch YO, COIMA (Figs. 
17, 18) (24¢S < bao Be OMIA LO CHE 
BLEBS Ch S¢BRSh, LMbMAORS 
DEIR WO bE, ALOE Mime es 
&, MIDILGHELELTOSZ. ELTCOKW 
<< BOSMUL SD CAS < AIC 4 
WAB)FARKAEAAEL CWS (Fig. 18), 
AX < BICABS Zea ATS CHEIC HS < 
Set SZ mHAGHAIC 4 RAT O, WHS < DSS <¢ 
PRICE SMart SHH S < HOLD 2~3 BO 
HS < SMAMIGITRB LEV CHO, AE< 
eS < REICHEL CWS (Fig. 18), CORPO 
AP EZRE BEIT (LAD FLAK ALB bHnT, 4 
FIO BEEBE CA < BER CHD. HSE ¢ HO 
EEX2: 7~8p BSZOKAL, AS < MOBSIE 
15 py (iDOMvfECHOCZLOR (m1) ehEL 
LCMHOMBIK 4 S814 TORI Oiig 
Wo AS < BOBSILAS ¢ BO 2/3 BO CH 
PROB SieeB 1/2 <HoeELL COR 
README eV DEBI 4 AMF A~3 Fi) 232 
ik (b.m.) KZEN, CHe(LStr 2 KOM 
Zeki (p.) APS < 1 ACA LT 16 groups 
wOCOCWS (Fig. 19),5 

HAS < POMEMIE DANS 3~5 BO 
faa6CGkXc (Fig.17, ep.), RAICRMEe he), 
IC ZORHLS < MBOMMEC HAL CIBEL 
C6403 Am, FORD oS < Bia awalc 
eo, &< MISS < SEMEN CAS < HAMID 
AND ANB 4 #8 EO CS (Figs. 17, 18). LT 
AS ¢ pat OSM & OK 4 BLT Fig. 19 
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ArT), axrFayty ty, BoOWFRKO 
PHC SHR oplcHbncCKCSLSaC eer 
C4 SOPRA —-BMLKO 

ILS < PaO 16, FA < Be HEME Ia © 
32 ORIG AY Very ATT, ANF 
DIPY AT ES Oe Co D5 

AS < Biv DMlgelke ay ky ares 
i \eue tt 0) Rae TEI Glee men ere ewe ey a FF 
A+rayT GC 8-celled stage WOKE Wis k 
-CiMNd 24 d7e0, axrFavtysa7c 
(k 8, 16, 32 ECO pMMMTBeiSHUAITE LV2: 32- 
celled stage OAHU E TE O, 32~64 OEY 
MOBICEF SO Lt, Xv~ aT Clt 48 
CSE AMAL ABD DCEDISE Ko Mets a7 
FayFya7D 64-celled stage CA/AGEO 
HONDAS GEC< OBR ASE VAP VEIT A 
PTD YL ACARI BIE LOTHEF 4D LE 
High, LOMA OME BW CTHHEL, AAa 
DIBKA/NCB (te ee LR 4b LE BBORRES 
ZON4ZDLALV HEX 247 27D 32-celled 
stage * Ec 48-celled stage IC7¢ Z/MICIBRDA 
{LEFNEHNOFHRBDSO EBES Ro 

Ret TORES ¢POBIMT aS 7 Favry 
SIH LC SOIL, AS < BIR S 
FAGET S 0 

dsb 9 (CHA AOPIE 2 HED SIC 4O CRBS 
(ASHE & BB Ae Wt OR KD RE BE 
ABBR SWMEEKT So 
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Summary 


1. The initial quadrant, showing 4-celled stage in cross section, is divided by the 
first periclinal walls into the amphithecium and the endothecium. The original am- 
phithecium is divided by the second periclinal walls into inner and outer layers. 

2. The inner peristomial layer arises from the inner amphithecial layer, and comes 
to be composed of 32~48 longitudinal rows of cells by the formation of anticlinal 
walls. 

3. By the formation of periclinal walls the amphithecium is divided into outer and 
inner cell layers, of which the inner layer comes to have sixteen cells in cross sec- 
tion by forming anticlinal walls. These sixteen cells undergo no further division. 

4. The ridges of thickening, representing the teeth, are laid upon each of the 
outer periclinal walls of inner and outer peristomial cells, respectively. 

5. Before the deposition of the peristomial thickenings, the nucleus in the cells 
relating the formation of teeth is enlarged. And then the protoplasm of both the 
inner and outer peristomial cells moves towards their outer sides respectively, while 
these of circumscribed cells towards their inner sides. Accompanying with the 
thickening the cytoplasm and nuclei gradually shrivel away and disappear. 

6. The thickening of the inner teeth begins at the same time with that of the 
outer teeth. However, the thickening in the uper portions of the outer teeth happens 
latter than that in their basal portions. 

7. After the formation, the processes of the inner peristome longitudinally splits 
along the keel line. 
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The Effects of Certain Metabolic Inhibitors on the Dark 
Reaction during Photoperiodic Treatment 


by Shidai NAKAYAMA* 
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There exist a great deal of reports on photoperiodism, but little work has been 
done in order to elucidate the enzyme systems involved in the dark reaction during 
photoperiodic treatment by using metabolic inhibitors. This paper reports a pre- 
liminary study on this problem. 


The seedlings of Pharbitis Nil (a short day plant) cultured under the continuous 
light were used as the material. The fully expanded cotyledons of the seedlings 
which had received 8-hour’s light period were immersed in M/15 phosphate buffer of 
pH 5.0 (pH 4.7 in the case of malonic acid) containing a given concentration of each 
inhibitor during 16-hours dark. After such treatment was repeated three times, the 
seedlings were brought back under the continuous light and held for one week. 
Flower initiation was then observed. 


Malonic acid, even in relatively high concentrations (2x10-3M, 1x10-2M, etc.) 
did not inhibit flower induction. Hence, it seems that the dark reaction could pro- 
ceed without the TCA cycle. In other words, it appears that, as reported by New- 
comb and Stumpf” and Ota?’, the TCA cycle may not be involved in the cotyledons 
of Pharbitis seedlings. However, Liverman et al.” have found that some of the 
intermediate products of the TCA cycle were effective to the flower induction, when 
given to them. 

The results obtained by using cyanide, fluoride, azide, and arsenate are summa- 
rized in Table I. As shown in it, flower induction was completely inhibited by 
cyanide and azide at certain concentrations. Therefore, the dark reaction appears to 
be closely linked with the heavy metal-containing enzymes (iron enzymes, copper 
enzymes, etc.). Inhibition by fluoride suggests the presence of a relationship between 
the dark reaction and the glycolytic phase of respiration. 

That azide prevented the flower induction suggests that the dark reaction may 
be dependent upon the phosphorylation in glycolysis process. Little inhibition by 
arsenate seems to be due to phosphate buffer; accordingly, this point need further 
confirmation by experiments using other buffers. 
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Table I. Inhibition of floral initiation 
Average number of Percentage* 

Treatment flower bud per plant flowering 
None (air) 3.4 100 
phosphate buffer 2.8 100 
5.0x 10-5 M cyanide+phosphate buffer 1.3 83.3 
1.0x10-4 M cyanide+ phosphate buffer 0 0) 
2.5x10-4 M fluoride+ phosphate buffer i 100 
5.0x10-4 M fluoride+phosphate buffer 0.8 66.7 
None (air) | 4.3 100 
phosphate buffer one) 100 
2.5x 10-5 M azide+phosphate buffer 0 0 | 
5.0x10-5 M azide+phosphate buffer 0 0 
5.0x10-5 M arsenate+phosphate buffer | 3.4 100 
1.0x 10-4 M arsenate+ phosphate buffer 3.6 100 
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Some Marine Cyanophyceae of the Tokara Islands 


by Isamu UMEZAKI* 
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The present study of the marine Cyanophyceae deals with a collection found in 
materials of algae collected by Mr. Eiji Ogata in the Tokara Islands, which ‘stretch 
in the range from 29° to 30° N.L. between the southern end of Kyushu and Okinawa. 
Mr. E. Ogata, one of the scientific research members of the Tokara Islands under the 
management of Mr. Yoshitaka Tsutsui, Director of the Osaka Municipal Museum of 
Natural History, made researches and collections of marine algae in the islands dur- 
ing the period from May to July of 1953, and after returning to his laboratory, he 
sent the writer a collection of marine Cyanophyceae from abundant materials of 
marine algae for identification. 

Materials fixed in 5~6 per cent seawater-formaline were preserved in three glass 
bottles, one of which was collected at Takara-zima on May 27, and two at Nakano- 
shima on June 5. The former one is being preserved as Umezaki’s Collection No. 
1139 and the latter two as Umezaki’s Collection No. 1140 and No. 1141 in Umezaki’s 
herbarium respectively. 

Though it was a small collection, the writer has identified marine Cyanophycean 
species of 21 in all, including one species new to science and two species new to 
Japan. 

The writer wishes to tender his best thanks to Dr. Y. Yoneda for his kind 
direction during this work, and to Dr. F. Drouet of the Chicago Natural History 
Museum for reading the manuscript. Thanks are also due to Mr. E. Ogata of the 
Osaka City University, who kindly sent the writer his valuable specimens from the 


Tokara Islands. 


Family Pleurocapsaceae 
Genus Myxohyella Geitl., 1925 
Myxohyella socialis (Setch. et Gardn.) Geitl., Cyan. in Rabenh., Kryptogamen-fl. 


14: 381, fig. 211 (1931); Hyella socialis Setch. et Gardn., New Pac. Coast Alg. 2, Univ. 


Calif. Publ. Bot. 6: 443, pl. 36, fig. 5 (1918). 
Filaments up to 75 in length; cells rectangular, 3~6 p in diameter, terminal 
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cells up to 17 » in length. 

Hab. Nakano-shima (Jun. 5, 1953). In the filaments of Heterosiphonia pulchra 
(Okam.) Fkbg. Scarce. No. 1140 e(in Umez. herD.). 

The terminal cells of the filaments are very long and large, attaining 17 » in 
length. However, according to the original diagnosis under the name of HAyella 
socialis by W. Setchell and N. Gardner, the terminal cell is described to be 7~9 
in length. 


Genus Pleurocapsa Thur., 1885 


Pleurocapsa fuliginosa Hauck,;Meeresalg. in Rabenh., Kryptogamen-fl. 2: 515, 
fig. 231(1885). 

Cells 6~26 (~33) uw in diameter; cell membrane up to 3.5 w in thickness. 

Hab. Takara-zima (May 27, 1953). On rocks, associated with Hydrocoleum lyng- 
byaceum Kuetz. and Lyngbya aestuarii (Mert.) Liebm. f. spectabilis (Thur.) Gom. 
Scarce. No. 1139 kGin Umez. herb.). 


Family Dermocarpaceae 
Genus Dermocarpa Crouan, 1859 


1. Cells 7~16 win diameter... vid Sen) Cts Ne SRNR TS a ee ae ..D. sphaerica 

1. Cells 14~24 w in disvmcterre ES mare Tee _D. sphaeroidea 

Dermocarpa sphaerica Setch. et Gapaiin in maak er Pad Leous? Alg. 3, Univ. 
Calif. Publ. Bot. 6: 457, pl. 39, fig. 14 (1918). 

Cells 7~16 « in diameter, pale blue-green; endospores 2.5-3 u in diameter. 

Hab. Nakano-shima (Jun. 5, 1953). Growing on Lyngbya sp. Scarce. No. 1140 
hCin Umez. herb.). 

Dermocapa sphaeroidea Seteh. et. Gardn., in Gardn., New Pac. Coast Alg. 2, 
Univ. Calif. Publ. Bot. 6: 440, pl. 36, fig. 7 (1918). 

Cells spherical or obovate, 14~24 w in diameter ; cell walls 1.5~2.5 uw in thickness; 
endospores formed by simultaneous divisions of the whole protoplast, 2~2.5 pw in 
diameter. 

Hab. Nakano-shima (Jun. 5, 1953). On Lyngbya confervoides C. Ag. and Hetero- 
stphonia pulchra (Okam.) Fkbg. Abundant. No. 1140 d(in Umez. herb.). 

In 1918 N. Gardner established Dermocarpa sphaeroidea, based. upon materials 
growing on Porphyra perforata f. lanceolata from Land End, San Francisco, Cali- 
fornia, collected on April 1917. 

The present species of Nakano-shima is abundantly found epiphytic on Lyngbya 
confervoides C. Ag. andared alga Heterosiphonia pulchra (Okam.) Fkbg. The cells 
grow solitary or forming more or less gregarious small clusters on host algae, and 
the cell walls measured 1.5~2.5 w in thickness are somewhat thicker than those of 
the original specimens. In regard to this species from the San Juan Islands of the 
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San Juan Archipelago, Washington, C. Jao (1948) described that the cells attain some- 
times 34 in diameter and the endospores are 3.5~5 in diameter. However, in 
the original description given by Gardner, he did touch neither on a process of the 
division of sporangia nor on the dimension of endospores. In the specimen at hand, 
it is observed that endospores which are 2~2.5 # in diameter are formed by simul- 
taneous divisions of the whole protoplast of a sporangium. It is for the first time 
that the present species is added to the marine Cyanophycean flora of Japan. 


Family Rivulariaceae 
Genus Calothrix C. Ag. ex Born. & Flah., 1886 


Calothrix pilosa Harvey ex Born. & Flah., Rev. Nost. Hétér. I, Ann. Sc. nat. Bot. 
VII, 3: 363 (1886). 

Filaments up to 0.5cm in length, 22~37 in diameter; sheaths up to 9p in 
thickness ; trichomes blue-green, 15~24 w in diameter; heterocysts 3~36 wu in length ; 
cells 3~10 uw in length. 

Hab. Nakano-shima (Jun. 5, 1953). Growing on rocks. Abundant. No. 1141 (in 
Umez. herb.). 


Family Nostocaceae 


Genus Anabaena Bory ex Born. & Flah., 1886 

Anabaena sp. : 

Filaments forming blue-green small strata or intricate associating with other 
Cyanophyceae; sheaths mostly diffluented, hyaline, thin ; trichomes sometimes slightly 
tapering at the ends; cells barrel-shaped, quadrate or about:2 times shorter than the 
diameter, 5.5~6.2 w in diameter, 3~7.6 w in length; terminal cells rounded or slightly 
conical; heterocysts quadrate or somewhat longer than the diameter, 7~8.5 ym in 
diameter, 6.2~9.5 w in length; spores unknown. 

Hab. Takara-zima (May 27, 1953). Growing on rocks and associated with Hyd- 
rocoleum cantharidosmum (Mont.) Gom. and Phormidium penicillatum Gom. Abun- 
dant. No. 1139 hGin Umez. herb.). 

The present material of Anabaena was abundantly found forming small colonies 
on rocks or mostly associating with other blue-green algae. The filaments have 
sometime hyaline mucous sheaths. During a stage when the filaments are young the 
trichomes are slightly attenuated at their ends and their terminal cells are somewhat 
smaller than those of the middle part. The dissepiments of the trichome cells are 
deeply constricted and conspicuously pellucid. Unfortunately, in despite of careful 
observations the writer could not found spores which are an important characteristic 
for specific determination, therefore no identification could be done. Though from 
the reason noted above the material remains as a question, in the dimension of the 
cells and heterocysts it agrees well with the description of Anabaena variabilis. 
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Genus Nostec Vauch. ex Born. & Flah., 1888 


Nostoc commune Vauch. ex Born. & Flah., Rev. Nost. Heter. IV, Ann. Sc. nat. 
Bot, Vil, (2-203 (188s). 

Thallus 3.5cm in diameter, membranaceous, yellowish green; cells 5~6ym in 
diameter, 4~6.2 « in length; heterocysts ovoidal, 6.3~7.7 m in diameter, 7~9m in 
length. 

Hab. Takara-zima (May 27, 1953). On rocks. Single specimen. No. 1139 adin 
Umez. herb.). 

Only a single specimen was found on rocks’ forming a membranaceous, some- 
what gelatinous and yellowish green mass, being 3.5cm in diameter. The sheaths 
are distinctly recognized and are very thick near the surface layer of the frond, but 
not visible in the inner layer. Each cell of the trichome sometimes contains dense 
granules. The intercalary heterocysts are usually single at each position instead of 


being serially two or more. 


Family Oscillatoriaceae 
Genus Spirulina Turpin ex Geitl., 1925 


1. Trichomes 0.5~0.7 » in diameter; dissepiments obscure ..................S. socialis 

1. Trichomes 6» in diameter; dissepiments distinct ....................... S. attenuata 

Spirulina socialis Gardner, Myxophy. of Porto Rico and Virgin Isl., Sc. Surv. 
Potto Rico and Virgin Isl’ 82272, pl. 2. fie, 1 C1932 

Trichomes 0.5~0.7 w in diameter, pale blue-green; coils 1.2~1.5 in diameter, 
the distance between coils 1.2~1.8 mu. 

Hab. Takara-zima (May 27, 1953). On Hydrocoleum lyngbyaceum Kuetz. Abun- 
dant. No. 1139 n(in Umez. herb.). 

This species is a fairly minute Spirulina which is found epiphytic on the sheaths 
of filamentous blue-green algae. The regularly coiled trichomes are very long and 
nearly straight. 


Spirulina attenuata Umezaki, Mar. Cyan. fr. Jap. 4, Journ. Jap. Botwed Sule. 
17 BC1952). 


Trichomes 6 » in diameter, light aeruginous; cells 2~3 wu in length. 
Hab. Takara-zima (May 27, 1953). Among the filaments of Iyngbya aestuarit 
(Mert.) Liebm. f. spectabilis (Thur.) Gom. Scarce. No. 1139 m (in Umez. herb.). 


Genus Oscillatoria Vauch. ex Gomont, 1892 
Oscillvtoria chalybea ( Mert.) Gom. var. genuina Gom., Monogr. des Oscill., Ann. 
Sc. nat. Bot. VII, 16: 233 (1892). 
Trichomes light blue-green, 12.3~14.5 w in diameter ; cells 3~6 in length. 
Hab. Takara-zima (May 27, 1953). Among the filaments of Hydrocoleum can- 
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tharidosmum (Mont.) Gom. and others. Scarce. No. 1139 (in Umez. herb.). 

Judging from the diagnosis of Oscillatoria chalybea this specimen seems to be 
probably identified with it, although the trichomes are a little thicker and the cells 
are a little shorter. 


Genus Phormidium Kuetz. ex Gomont, 1892 


1. Trichomes 4~5y in diameter; terminal cells sharply conical, without cal- 
Wp CONS rae Oe eI Veretit xccse ccc cociue seicevecelcdeaten eo Selen, ..L. Corium 
1. Trichomes 6 uv in diameter; terminal cells flatted or rounded, sea calyptra ; 
Betis O12 pert, LER EED oo. ccc .cdea oe dances oss Wtawvaversen ten wee PS Penicillatum 

Phormidium Corium (Ag.) Gom., Monogr. des Oscill., Ann. Sc. nat. Bot. VII, 16: 
E72 plo Sy figs: 1,.2(1892), 

Filaments densely intricated; sheaths thin, sometimes diffluented; trichomes 
briefly or sometimes gradually tapering at the terminals, 4~5 mu in diameter, not or 
sometimes slightly constricted at the cross walls; cells 3.7~9.3 w in length; terminal 
cells sharply conical, neither capitate nor calyptrate. 

Hab. Nakano-shima (Jun. 5, 1953). Growing on rocks. Abundant. No. 1140 aCin 
Umez. herb.). 

This species grows forming widely expanded membranaceous masses on rocks. 
According to the description of the species the diameter of trichomes is described 
to be 4~4.5y. In the material at hand it is 4~5y. There are trichomes to be dis- 
tinguished into two types in Nakanoshima’s specimen, concerning constriction at 
their cross walls; some trichomes are not constricted at their cross walls as those 
of the species, and other ones are constricted at their cross walls as those of var. 
constrictum Playfair. The material may be rather identified with var. constrictum in 
having a little thicker trichomes and in the characteristics that some trichomes have 
constrictions at their cross walls, but herein it is placed under the specific name 
Phormidium Corium (Ag.) Gom. for showing both mixed feature as pointed out above. 

Phormidium penicillatum Gomont ex Geitl., Cyan. in Rabenh., Kryptogamen-fl. 
14> 1016° (1932). 

Filaments intricated ; sheaths thin, mostly diffluented ; trichomes 6 u in diameter ; 
cells 6~12 4 in length; terminal cells with flatted, conical or rounded calyptras, 
sometimes capitate. 

Hab. Takara-zima (May 27, 1953). On rocks, associated with Hydrocoleum can- 
tharidosmum (Mont.) Gom. and Anabaena sp. Abundant. 

In the material at hand the frond is not penicillated as shown in the description 
of Phormidium penicillatum Gom., but is found associating with other Cyanophycean 
algae. The sheath is very thin and mostly diffluented. The trichome is constantly 
6 in diameter and a variation concerning the dimension is not found. In length 
the cell shows a range between 6 and 12, from nearly quadrate to 2 times longer 
than their diameter. This species is new to Japan. 


68 ji mH FS ME BR BOS He HH 801 S AAA 30 3 A 


Genus Lyngbya Ag. ex Gomont, 1892 


1. Trichomes 1.2~3 » in diameter ee PP Na 3 
1. Trichomes 7.8~15 mw in diameter... 2.0.0.2... cece eee ese ere ese eee recto A 
9. Filaments fixed at the base nae lke CELE 
2. Filaments fixed for the entire ‘enae ae ee ee oe er ee so 
3 Cells 1.2~1.8 in length; dissepiments thin, Rickert 4 _L. epiphytica 
3. Cells 1.3~4p in length; dissepiments thick, eecreatae anucae 

Ui Pha eRe ae MPR anon Aly sehen ee ae NEE pellucida 
4. iaSheaths, coloured ws fccne le ie ea eer ee est rasree spectabilis 
4, Sheaths one bogs oat aty ceacaat Monit is ty 4 IE ee 
5. Trichomes 78~9 pj in diameter ecs0d..:. cence: 6 cata. sees. Pe em DIEne 
5. Trichomes 9.3~15 in diameter . ae Be Ai: We confervoides 


Lyngbya infixa Fremy, Cyan. oe eneops oe Soc. — nat. et math. de 
Cherbourg, 41: 110, pl. 30, fig. 1(1934). 

Filaments 2.5~3.3 w in diameter; trichomes 2.3~3 u in diameter; cells 1~3ym in 
length; cell contents finely granular. 

Hab. Nakano-shima (Jun. 5, 1953). On Heterosiphonia pulchra (Okam.) Fkbg. 
Abundant. No. 1140 f(in Umez. herb.). 

Lyngbya infixa was established basing upon the specimens epiphytic on Udotea 
petiolata (Turra) Boerg. and Codium tomentosum (Huds.) Stackh. by P. Fremy in 
1932. The trichomes are 1.8~2 (rarely 2.8) ~ in diameter, and the cells are 1-2 in 
length, according to Frémy’s description. As stated in the above description the 
trichome is 2.3~3 w in diameter. Judging from the description and figure of L. infixa 
Fremy the present alga is nearly identified with it, except that the dimension of the 
trichome is somewhat thicker. 

Lyngbya epiphytica Hieron. ex Geitl., Cyan. in Rabenh., Kryptogamen-fl. 14: 1038, 
fig. 656 d(1932). 

Japanese name. Itomakimo (I. Umezaki, 1950). 

Trichomes 1~1.5 u in diameter; cells 1.2~1.8 in length. 

Hab. Takara-zima (May 27, 1953). On Lyngbya aestuarii (Mert.) Liebm. f. 
spectabilis (Thur.) Gom. Abundant. No. 1139 c(in Umez. herb.). 

Lyngbya pellucida sp. noy. (Fig. 1) 

Fila epiphytica, tote affixa, solitaria; vaginae hyalinae, tenues ; trichomata pallide 
aeruginea, apice non attenuata, ad genicula non constricta; cellula 1.5~2.4 crassa, 
1.3~4 yw longa ; dissepimenta non granulata, conspicue pellucida ; contentu homogeneo; 
cellula terminali rotundata, neque capitata neque calyptrata. 

Filaments epiphytic, attached for the entire length, solitary; sheaths hyaline, 
thin; trichomes pale aeruginous, not tapering at the ends, not constricted at the cross 
walls; cells 1.5~2.4 in diameter, 13~4 m in length; dissepiments not granulated, 


conspicuously pellucid; cell contents homogeneous; terminal cells rounded, neither 
capitate nor calyptrate. 
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Hab. Takara-zima (May 27, 1953). (On LIyngbya aestuarii (Mert.) Liebm. f. spe- 
ctabilis (Thur.) Gom. Scarce. No. 1139 e(Type, in Umez. herb.). 

The filaments are sparsely found attaching for their entire length on other 
Lyngbya, like a habit of Phormidium epiphyticum Gardn. In this material the fila- 
ment is not spirally curved and not encircling a host alga, but in general short and 
slightly curved. The dissepiments of the cells are so thickly pellucid that each cell 
is distinctly recognized. 

This species of Lyngbya seems closely related to Lyngbya epiphytica Hieron. and 
Phormidium epiphyticum Gardn., but differs from these two algae in the facts that 
the dissepiments of the cells are more apparently pellucid, the trichomes are more 
thicker, and the filaments are generally more shorter. 

Lyngbya aestuarii (Mert.) Liebm. f. spectabilis (Thur.) 
Gom., Monogr. des Oscill., Ann. Sc. nat. Bot. VII, 16: 130(1892). 

Filaments densely interwoven, rarely branched; sheaths 
hyaline on the exterior, but on the interior lamellated and 
yellowish golden colour, up to 12 in thickness; trichomes 
11.5~15 w in diameter; cells 2.5~4.5 in length. 

Hab. Takara-zima (May 27, 1953). On rocks. Scarce. No. 
1139 1¢in Umez. herb.). 

Lyngbya semiplena J. Ag. ex Gomont, Monogr. des Oscill., 
Ann. Sc. nat. Bot. VII, 16: 138, pl. 3, figs. 7~11 (1892). 

Filaments up to 1 mm in Jength, 9.3~12 mu in diameter; 
H sheaths up to 3m in thickness; trichomes 7.8~9 mw in dia- 


(3) 


meter; cells 1.5~3 yw in length. 


U Hab. Takara-zima (May 27, 1953). On Galaxaura sp. 
Fig. 1. Lyngbya pel- Abundant. No. 1139 g(in Umez. herb.). 
lucida Umezaki sp. The writer has referred this specimen to L. semiplena 
co filaments with some hesitation since the filament is much short in 
x 5 


length. But other characteristics are typical. 
Lyngbya confervoides C. Ag. ex Gomont, Monogr. des Oscill., Ann. Sc. nat. Bot. 


Wil 16> 136. pl: 3, figs. 9 ~6 (1892). 
Filaments 5cm in length, 12~23 » in diameter; sheaths up to 3y in thickness; 


trichomes 9.3~15 ~ in diameter; cells 2~4.5 in length. 
Hab. Nakano-shima (Jun. 5, 1953). Growing on rocks. Abundant. No. 1140 c(Cin 


Umez. herb.). 


Genus Microcoleus Desm. ex Gomont, 1892 


Microcoleus tenerrimus Gomont, Monogr. des Oscill., Ann. Sc. nat. Bot. VII, 15; 


355, pl. 14, figs. 9~11 (1892). 
Filaments up to 18 in diameter; trichomes 1.8~2,p in diameter; cells 3~5.6 w 


in length. 
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Hab. Nakano-shima (Jun. 5, 1953). Growing among the masses of Phormidium 
Corium (Ag.) Gom. and other Cyanophyceae. Abundant. No. 1140 b(in Umez. herb.). 


Genus Hydrocoleum Kuetz. ex Gomont, 1892 


1. Trichomes 7.5~14 w in diameter .....0..0.c.cec cesses ee A. lyngbyaceum 

ih, aPrearelovonanvesy LUIS 2/45) ony Tia IMA MNET ETE ss ce ty emt ane oonerse sé slats » an E ES 

Hydrocoleum lyngbyaceum Kuetz. ex Gomont, ieee des Oscill., Ann. Sc. nat. 
Bot. VII, 15: 337, pl. 12, figs. 8~10 (1892). 

Trichomes 7.5~14 « in diameter. 

Hab. Takara-zima (May 27, 1953). On Galaxaura sp. in company with other 
Cyanophyceae and on rock. Abundant. No. 1139 f(in Umez. herb.). 

Hydrocoleum cantharidosmum (Mont.) Gomont, Monogr. des Oscill., Ann. Sc. 
fat) Bot Vib IS= 3386p 2) Tosh 6, 7892): 

Trichomes 21.5~24.5 w in diameter or sometimes up to 27.5; cells 2.5~4.5 w in 
length, 5~11 times shorter than the diameter. 

Hab. Takara-zima (May 27, 1953). On rocks. Abundant. No. 1139 b(in Umez. 
herb.). 

In the specimen from Takara-zima there are some trichomes having large dimen- 
sion attaining 27.5 and their cells are very short, being a length of 5~11 times 
shorter than the diameter. Such characteristics accord very well with those of 
Hydrocoleum Holden Vilden. It appears that Hyd. Holdenii is to be combined into 
De cantharidosmum. In 1932 L. Geitler hinted such a oe for SomanaeD. 
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[Pringer, A.A. and Heinze, P.H.: Effect of light on the formation of a pigment in 
the Tomato fruit cuticle. Plant physiol. 29: 467 (1954)] 
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Studies on Anthocyanins XXV” 


Paper Chromatographic Investigation on Anthocyanins occurring 
in the Leaves of Pevilla* varieties 


K6z6 HAYASHI and Yukihide ABE** 
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Received December 24, 1954 


Perilla frutescens Britton var. crispa Decaisne (Japanese name: Shiso), which 
belongs to Labiatae, is commonly cultivated in Japan, owing to the excellent quality 
of the red color applicable for dyeing some foodstuffs. The plant includes several 
garden varieties, of which the following two are commonly used for the above men- 
tioned purpose: ‘aka-shiso” bearing red smooth leaves, and ‘ chirimen-aka-shiso’ 
having red winkled leaves. So far as we know, the coloring matter of the latter 
variety has been submitted to chemical investigations by two Japanese authors. K. 
Kondo” had succeeded in isolating a crystalline red coloring principle, which he 
called ‘ perillanin’ and to which he gave a structure of delphinidin monoglucoside 
combined with one molecule of protocatechuic acid. Later C. Kuroda and M. Wada® 
arrived, however, at a different conclusion; according to them, the coloring matter 
consists of p-hydroxycinnamoylcyanin chloride, for which they have tentatively 
proposed the name ‘shisonin’. If these two findings were both correct, and 
there was no error in identification of plants, this discrepancy should be understood 
only in the sense that this difference may be due to the difference in locality, and 
hence in the difference in biochemical activity ; that is, Kondo’s material was collected 
at Toyama, about 400km (by railway) northwest of Tokyo, and Kuroda and Wada’s, 
at Tokyo. As was already pointed out by S. Hattori’, this is highly doubtful from 
the physiological and genetical point of view, and it would be of great importance 
to carry out a careful re-examination in this matter. The present study deals with 
the characterisation of the red coloring principle contained in ‘shiso’-leaves chiefly 
by means of paper chromatography. For the present, two kinds of plant material 
were used, z.e. ‘akashiso’ and ‘chirimen-aka-shiso’, which have been growing in a 
corner of the experimental field of our institute. The crude leaf extracts from both 
plants gave the same chromatographic features, when run with various solvent mix- 
tures, as reproduced in Fig. 1. As a rule, six anthocyanin spots could be detected 
on the two-dimensional chromatogram, run with two kinds of solvent mixture. 


* Contribution from the National Institute of Genetics, No. 99 
** National Institute of Genetics, Mishima 
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Among them, three spots (Nos. 4, 5 and 6) seemed to be almost insignificant on 
behalf of the extreme weakness in tint. The chief anthocyanin of Perilla-leaves is, 
in practice, represented by the largest distinct spot (No. 2); the adjacent smaller 
two (Nos. 1 and 3) are regarded as derivatives thereof, probably associated with 
unknown substances. 

Next, the chromatograms were run with the crude anthocyanin extracts of both 
materials after saponification with alkali. Two chromatograms thus obtained proved 
to be quite identical, and only one single spot, the Ry-value of which agreed well 
with that of cyanin itself, was found. Accordingly, it is obvious that all six antho- 
cyanin spots observed in crude leaf extracts of both varieties belong to cyanin deri- 
vatives. 

In order to get further conclusive evidence, attempts were made so as to bring 
the pigment into crystalline form, and the anthocyanins were however isolated, in 
amorphous state, and seemed to be identical with each other by their appearance. They 
were then treated with 10 per cent sodium hydroxide solution, and converted into 
characteristic rhombic leaflets. Identity of these crystals with cyanin chloride was 
established by paper chromatography and, also, by careful comparison of the melting 
point as well as by color reactions. The organic acid moiety liberated after this 
treatment with alkali was found by paper chromatographic method to be p-coumaric 
acid (p-hydroxycinnamic acid). 

A series of experiments described above convinces us that the red Pevilla-leaves 
owe their color not to ‘ perillanin’ but exclusively to ‘shisonin’, just as pointed out 
by C. Kuroda and M. Wada. Kondo’s ‘ perillanin’ is seemingly due to a wrong inter- 
pretation of his own experimental data; his description is wanting of clearness espe- 


cially regarding an acidic component and the acid-free glycoside. 


Experiments 


1. Preliminary test on crude leaf-extracts by paper chromatoraphy. A handful 
of fresh mature leaves was collected from each of the two garden varieties, ‘ chirimen- 
aka-shiso” and ‘aka-shiso’ in September, 1954. Dark red leaves were immediately 
immersed in 400 ml. of cold 1% methanolic hydrochloric acid. A small amount of 
each extract was spotted directly on the filter paper (Toyé, No. 5; 40 x 40cm), and 
the chromatographic separation was achieved at room temperature by ascending, 
two-dimensional procedure, using butanol-acetic acid-water (4:1:5, v/v) in one direc- 
tion, and acetic acid-36% hydrochloric acid-water (5:1:5, v/v) in the other. Both 
extracts gave an identical chromatogram, as shown in Fig. 1. The main coloring 
component is represented undoubtedly by spot No. 2, and the closely related con- 
comitants by two smaller subsidiary spots;"No. land 3. The remaining three, 
Nos. 4, 5 and 6, appear to be negligible on account of their very faint tint. Besides, 
two small yellowish spots (Fl. 1 and Fl. 2) could be detected, which are probably 
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Fig. 1. Two-dimensional chromatogram fF None seine: 

of anthoeyanins in Perilla-leaves. 2. Paper chromatographic test for 
e = aglycone. Crude leaf-extracts obtained 
above were mixed with an equal volume of 
20% hydrochloric acid, and heated on a 
water bath at 95°C for half an huors. After 

i cooling, the hydrolysates were diluted with 
ea: about 2 volumes of water and extracted 


05 _| with one tenth volume of isoamyl alcohol. 


Fil 


The amyl alcoholic layer was separated 
and spotted on the filter paper, then chro- 
_ matographed with solvent mixtures such 


ys as shown in Table I. The chromatograms 


obtained from both materials were found 


BuOH-Ac OH- H20 4a Ss) $< 
@ 


aE TORE to be identical, and gave only one antho- 
cyanin spot, which could be identified with 
cyanidin chloride. 


AcOH -36%HCI-H,0 (3:1:8) ———> 


Table I. Ry-value of the aglycone (cyanidin) from Pevilla-leaves 
(at room temp., 28+2°C) 


AcOH-36% HCl-H20 Acetone-10% HCl 
(6:1:5, v/v) | Cie ik, caf) 
‘ Aka-shiso’ (A) | 0. 36 0. 34 
‘Chirimen-aka-shiso’ (B) | 0. 36 0.34 
(A) + (B) + Cyanidin 0.36 — 
Cyanidin 0. 36 0. 34 


3. Isolation and detection of cyanin chloride from the two garden varieties of 
Perilla. About 130g of fresh leaves were necessary for obtaining the smallest 
amount of crystalline substance. This amount of raw material was thoroughly 
extracted with 400 ml. of 1% methanolic hydrochloric acid. ‘The filtered red solution 
was mixed, under continuous agitation, with 150 ml. of 10% methanolic solution of 
lead acetate. The bluish green precipitate formed was filtered by suction, and im- 
mediately converted into chloride by means of 50 ml. of 5% methanolic hydrochloric 
acid. After filtration, crude anthocyain was precipitated by the addition of 5 volumes 
of ether. The amorphous precipitate was dissolved in 20 ml. methanolic hydrochloric 
acid and again precipitated with ether. Since this product was found to be hardly 
convertible into a crystalline state, saponification of the pigment was carried out by 
dissolving it in cold 10% sodium hydroxide solution in an atmosphere of hydrogen. 
After standing for an hour, the reaction mixture was acidified with hydrochloric 
acid, and thoroughly extracted with ether. The ethereal solution was evaporated to 
dryness, and the resultant white crystalline substance was chromatographically 
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studied. The detection of the acid spot was effected by spraying the diazotized 
p-nitraniline reagent®’, whereby the grayish blue color characteristic of -coumaric 
acid was produced. The results are summarized in Table We 

The acidic aqueous layer was concentrated 7 vacuo up to sirup, from which the 
free anthocyanin was extracted with a minimum quantity of ethanol. After addition 
of several drops of conc. hydrochloric acid and standing for several days in an ice- 
box, the dark chocolate-brown crystalline substance separated in a small amount. 
This was collected and recrystallized once from aqueous alcoholic hydrochloric acid, 
and obtained in characteristic, brown colored, rhombic leaflets. In this state, the 
anthocyanin specimens from both plants showed quite identical characteristics in 
every respect. They melted at 190~191° under decomposition. Also the paper chro- 


matographic analyses proved their identity with cyanin chloride, as is shown in 
Table III. 


Table II. Rf-values of acidic components of Perilla-anthocyanins 
(Toyé filter paper, No. 50; 25°C). 


= ae as ee : 
oe eo oes Sea wee 50 % EtOH 
| | 

p-Coumaric acid 0. 45 0. 79 | OR9R 

‘ Aka-shiso’ (A) 0. 44 0.79 0. 92 

‘Chirimen-aka-shiso’ (B) 0. 45 0. 78 0. 92 

(A) + (©) | 0, 44 | 0.79 0. 92 

(A) + p-Coumaric acid 0. 45 0.79 0. 92 

(G5) ae | 0. 45 = — 

(A) + Protocatechuic acid | = 0.79: 0.31 0.92; 0.81 

Protocatechuic acid _ 0. 32 0.81 


m-Cresol was used instead of o-cresol. 


Table IN. Rfvalues of acid-free Pervilla-anthocyanins, showing their identity with an 


authentic apecimen of cyanin choloride (Téyé filter paper, No. 50; 25°C). 


BuOH-AcOH-H»20 | BuOH-36%HCI-H2,0 AcOH-36% HC1-H20 
(4S py/v) (50: 302 55; v/v) (Galas v/v) 
Cyanin chloride 0.13~0. 14 0. 35~0. 38 0.54 
‘ Aka-shiso’ (A) 0. 14 0. 38 0.54 
*Chirimen-ake-shiso’ (B) 0.14 0.38 0.54 
(A) + Cyanin 0.14 0.38 0.54 
(B) + Cyanin 0.14 0.38 0.54 
CA) es) 0.14 0.38 0.54 
Chrysanthemin 0 25~0. 26 0. 46~0. 48 0. 41 
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Summary 


In order to answer the question, which is the essential component of Perilla- 
anthocyanin, ‘ perillanin’ or ‘ shisonin ’, leaf extracts from two common varieties of 
the plant were subjected to paper chromatographic study. The results have shown 
that the anthocyanin is nothing other than ‘shisonin *, 2.e. p-hydroxycinnamic acid 
derivative of 3: 5-o-diglucosidylcyanidin, as described by Kuroda and Wada. There 
was found no evidence in favor of the presence of Kondo’s ‘ perillanin’. 

We are indebted to Dr. Chika Kuroda for the kind supply of the authentic speci- 
men of p-coumaric acid, and to Prof. Shoji Shibata, of the University of Tokyo, for 
furnishing us with protocatechuic acid. 
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(Borthwick, H.A., Hendricks, S.B., Toole, E.H., and Toole, V.K.: Action of Light 
on Lettuce-seed Germination. Bot. Gaz. 115: 205 (1954)] 
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Abnormal Growth in Allium monanthum 


by Yudzuru OGURA 
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Received January 14, 1955 
Mr. K. Hisauchi proposed to the writer some specimens of 


Some years ago, 
Based on these specimens 


Allium monanthum Maxim. provided with long stolons. 
and other materials obtained hereafter near Tokyo, as well as on materials under 
culture, the writer could trace the mode of growth and formation of the stolons. 
As the formation of such a long stolon in allied species has never been described, 


the writer expects to describe the results obtained here. 


External Form 


Near Tokyo, this plant begins to germinate in the middle of March, blossoms at 
the beginning of April, and leaves and flowers wither away at the beginning of May, 


ae ( 


ee ae ‘s? 
iy ‘ Ran ‘ f 
eos 5 a 
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Fig. 1, Allium monanthum, Fig. 2. Allium monanthum, showing in- 
showing the sterile and fertile dividuals with stolons. Central two, individu- 


als with short stolons, collected in the field ; 
below, individual with long stolon, cultivated, 
short secondary stolon is shown. x 3/5 


individuals. x 3/5 


* Contributions from the Division of Plant Morph 1 i 
ology, Botanical I i 
ee ee p gy ical Institute, Faculty of Science, 
Read at Section 8 in the 8th International Botanical Congrees at Paris, July 8, 1954 
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leaving only small bulbs under the ground, which germinate next spring. 

This plant is much smaller and more simplex compared with other species of 
Atlium (Fig. 1). The bulb is small spherical or ovoid in shape, 3~5 mm in diameter. 
The surface is covered with a soft dark-brown scale, and at a point of the lower 
surface numerous thin, but long roots are attached. The upper part of the bulb 
elongates gradually into a leaf stalk, which extends as one or two green foliage 
leaves. Each foliage leaf is 5~10cm in length and 3~5 mm in breadth. In the fertile 
individual, a thin floral stalk springs out of the leaf stalk, and usually only one 
small flower is attached on its tip, though there are some cases provided with two 
or more flowers. 

Among these individuals showing normal forms, we find abnormal ones provided 
with stolons gone out of the old bulb (Fig. 2). The stolon is thin, and its length 
is very variable, 1~30cm. It creeps usually horizontally under the ground and white 
and soft, but in the field, if it is exposed more or less on the ground, it becomes 
greenish and hard (Fig. 2, two central). The tip of the stolon swells out in an ovoid 
form and on this swollen part a green foliage leaf of a normal form goes out, but 
no roots are formed. Rarely the second stolon is found grown out of this swollen 
part (Fig. 2, below). 


Structure 


In the normal sterile individual (Fig. 3, A), the bulb consists of an outer dark- 
brown scale, a thin white scale and inner two or three thick white scales, the outer 
one enclosing the inner one in turn. One or two of the thick scales elongate into long 
stalks,whose tips expand as one or two foliage leaves. The bulb is, therefore, a sim- 
plified bulb consisting of a few enclosed scales, as seen in other species of Allium and 
many other Monocotyledonous spe- 
cies, the inner thick scales repre- 
senting the bulblet, which germi- 
nates next spring. Moreover, we 
see usually a small bulblet formed 
within the scale, which represents 
an adventitious bulblet, which germi- 
nates also next spring. 

In the normal fertile individual 


Fig. 3. Longitudinal and transverse sec- (Fig. 3, B), the bulb consists, just 
tions of the bulb, showing its construction. 
A, sterile; B, fertile; C, fertile with two 
adventitious bulblets ; ol, 02, outer scale ; f1, f2, 
scale whose upper part transforms into foliage two or three thick white scales, but 


leaf; s, inner scale; p, peduncle; ad, adventi- a small branch is found just at the 
tious bulblet; r, root. x 5/2 


as in the sterile, of an outer dark- 
brown scale, a thin white scale and 


outside of the innermost scale, and 
passing through the leaf stalk it becomes a peduncle, on which one, sometimes more 
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than two flowers are produced, Within the bulb are found also one, rarely two or 
more adventitious bulblets (Fig. 3, C). 

In either sterile or fertile individual, the normal and adventitious bulblets within 
the bulb grow out during the spring, and after a long seeping, they germinate in 
the next spring as new individuals. 

In the individual with the stolon, the structure is different from the normal. 
The mother bulb, from which the stolon is produced, consists of a dark-brown scale 
only, and it is shelling and is empty including no fresh scales, and the stolon, sprung 
out of the base, where the roots are attached, passes through the scale and runs out 
horizontally. 

The stolon is thin, 1mm in diameter and is traversed longitudinally by five 
vascular bundles. It is covered by a very thin, transparent scale throughout. The 
swollen part of the stolon (Fig. 4) consists of the scale with an empty cavity, in 
which always two small bodies, similar in form and-size, are enclosed. The upper 


part of the cover elongates into a leaf stalk, which expands as a foliage:leaf. Two 


Fig. 4. Swollen part of Fig. 


y 


5. Germination of the swollen part of the 
the stolon, showing surface stolon, the one germinating zm situ and the other germi- 
and internal structure. Be- nating into a stolon, in one part of which a small 
low, removed the scale to show swollen part is seen. x 3/5 


two bulblets. x2 


bodies are white or greenish and consist of outer thin scale and thick inner ones, 
and represent the structure of the bulblets. One of the two is always sessile, while 
the other is provided with a short stalk, and the former corresponds to the main 


bulblet, while the latter the adventitious. The construction of the swollen part shows, 
therefore, that of a bulb including an adventitious bulblet. 


Growth of the Bulb and Formation of the Stolon 


In order to know the growth. of the bulbs and the development of the stolons, 


it is neccessary to cultivate them, as the stolons creep to an unexpected direction 


under the ground. If we cultivate the individual with a stolon, the older dark 
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brown scale, the stolon and the foliage leaves wither out in the beginning of May, 
leaving only the swollen part of the stolon, which during this period grows up, but 
no roots are produced. In the next spring two bulblets within it germinate (Fig. 5), 
the one as a normal sterile individual with one or two foliage leaves upwards and 
numerous roots underneath, while the other elongates into a new stolon, and one 
foliage leaf is produced on its tip, and the base of the foliage swells out gradually 
to become a small bulb. The stolon creeps to any direction straightly or curving to 
and fro. As described before, the adventitious bulblet included within the swollen 
part has a short stalk, and it is this stalk which elongates into the stolon partaking 
the bulblet on its tip.. This mode of growth is invariably repeated (Fig. 6). It is 
rarely found that the adventitious bulblet 
within the swollen part of the stolon has 
a long stalk, so that the small stolon breaks 
out of the cover of the swollen part and 
carries a foliage leaf on its tip (Fig. 2, 
below). 


If we cultivate the normal bulb without 
stolon, two or three individuals germinate 
from it in the next spring (Fig. 6, A-B). 
In the case of two individuals, the one 
germinates in the original place, while the 
other is apart from there, but- is connected 
by a stolon. This is case, when there is 
only one adventitious bulblet, and this mode 
of growth is coincided with that of the 
swollen part of the stolon. In the case 


when three individuals germinate, the one 


is normal, while the other two are situated 


Fig. 6. Diagrams showing the on the tips of the stolons. In the field, as 
enteies oieeeencsy 0 She Paths: a0) the mother bulb withers out, it is difficult 
formation of the stolon, A, first meas 
year (white), including bulblets for to trace the natural situation of new indivi- 
next year (dotted); B, second year duals. 


(dotted), including bulblets for next 
year (lined); C, third year (lined), ; 
including bulblets for next year stolon in this species is very peculiar, as 


The mode of formation of this long 


(crossed ). the same phenomenon has never been 
known in allied species, but if we consider 

the allied species, we can understand this phenomenon. Apparently the stolon forma- 
tion is alike to the dropper formation of Tulipa species, but really both of them are 
quite different in the mode of formation, as has been described by the writer before*. 


* Ogura, Y. Morphology of the subterranean organs of Evythronium japonicum and its allies. 
Phytomorphology. 2: (1952). 
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It is not curious in other species of Allium and other species of Liliaceae that, with- 
in the bulb one or more bulblets are formed, which germinate as new individuals 
crowded with each other, and it is also found in some cases, such as Allium nippont- 
cum or Ornithogalum umbellatum, that each bulblet is provided with a short stalk 
at its base, which remains shortly even after germination. The writer considers that, 
if the stalks of these bulblets in these species elongate themselves, the formation of 
the long stolons will be resulted as in the present species. Moreover, in other species 
as the bulb is large the bulblets within it are numerous, while in the present species, 
as the bulb is small consisting of a few scales, the bulblets within it are only one or 
two. The swollen part of the stolon corresponds therefore, to one of adventitious 
bulblets within the mother bulb in other species. 

The curious mode of formation of the stolon in Allium monanthum is convenient 
for the vegetative propagation, and it is very interesting that most of the flowers of 
this species are sterile. . Really, in the plants growing near Tokyo, most of the 
flowers are female only. The sterility of the flower and the formation of stolon may 


have a close correlation. 


Summary 


1. In Allium monanthum, the bulb consists of a few enclosed scales, and includes 
usually one adventitious bulblet. 

2. The latter germinates in the next spring into a long stolon, the tip of which 
swells out and produces a foliage leaf. In this swollen part usually two bulblets are 
produced, one of which germinates in the next spring into a stolon. 

3. The formation of the stolon is repeated year by year, and it may be adapted 
for the vegetative propagation. 
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A Brief Note on the Sugars of Lycopus lucidus 


by Kiyoshi NAKAHARA* 
Hye: ye ROPFICOWC 
Received January 13, 1955 


In the stolon of Lycopus lucidus Turczaninoff a crystalline hexasaccharide, 
lycopose, was reported to be present by Murakami), who showed that it is composed 
of 1 M of fructose and 5 M of galactose and assigned to it the structuae pentagala- 
ctosido-fructoside. Murakami further found a hexasaccharide, ajugose?) from the 
roots of Ajuga nipponensis Makino, to which a tentative structure galactosido-gala- 
ctosido-galactosido-glucosido-fructoside was given. This hexasaccharide most probably 
belongs to the series ef raffinose, stachyose, and verbascose?). On the other hand, 
lycopose differs from ajugose by the absence of glucose molecule. I have been able 
to confirm the presence in this plant of sucrose, raffinose, and stachyose in addition 
to glucose, galactose, and fructose. This feature of this plant fairly coincides with 
that of Stachys tuberifera® except the presence of lycopose. It is very interesting 
to note that Lycopus plant does contain besides lycopose some oligosaccharides which 
have no intimate structural relationsaip. The presence of free galactoside in this 
plant as in Stachys is also noteworthy in that it has hitherto not yet reported in 
literature, as far as concerned. 

Ajugose was considered to be a reserve carbohydrate by the fact that in the 
roots of Ajuga it was present in abundance in winter season. The present study 
has been undertaken in order to see if lycopose be subjected to any seasonal change 
and at the same time, whether, sugars other than lycopose be found along with the 
latter. The method of paper-chromatography was used throughout this study. 


Experimental 


Material—The plants collected early in August were divided into 4 parts, namely 
leaf, stem, root, and stolon, but in winter there remain only stolons, so that the 
investigation was confined solely to this part. Part of the material used in the pre- 
sent study was collected in a suburb of Tokyo and at Karuisawa, Nagano Prefecture, 
and others were kindly given by Mr. M. Togashi and Prof. K. Hisauchi; some of 
them have been planted in the garden of this laboratory. 

Extraction of the material—_10~20g of the fresh material were crushed with 
ethanol using Waring Blendor, and extracted with 5 times its weight of 80%6 ethanol 
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on a boiling water-bath. The extraction was repeated with 10 times its weight of 
80% ethanol until the extract no more showed the carbohydrate reaction with the 
trichloroacetic acid-benzidine reagent when tested on a piece of filter paper. The 
enthanol was then distilled off and to the residual aqueous solution aqueous lead 
acetate was added. The precipitate was filtered off and the filtrate was treated 
with hydrogen sulfide. The hydrogen sulfide was driven from the filtrate by the 
bubble of air and the solution was condensed under reduced pressure after neutrali- 
zation with dilute ammonia. 

A small amount of active charcoal was applied, when necessary, to remove the 
brownish color of the concentrate. In this case, the amount of charcoal was pre- 
viously determined in order not to adsorb the sugars besides the colored impurities. 
This procedure seemed. important to get well-formed spots on the paper chro- 
matogram. 

Paper partition chromatography—Two sorts of filter paper, No. 2 and No. 50 of 
the Toyo Filter Paper Co. (Tokyo) were used. Butanol-acetic acid-water (4:1:;1)” 
and phenol-water (4:1) were used as solvents. In most cases the ascending 
method was adopted. Sometimes especially to achieve good separation and well- 
formed spots, the chromatographic procedure with butanol-acetic acid-water solvent 
by ascending method was repeated twice or thrice. As standard sugars, Merck’s 
and Shering-Kahlbaum’s preparations of fructose, glucose, galactose, sucrose, lactose, 
and raffinose were used. Samples of stachyose and lycopose were supplied by Dr. 
S. Murakami. 

For the detection of reducing sugars Horrocks’ benzidine reagent and for the 
detection of ketose and ketose-containing oligosaccharide Seliwanoff’s reagent?) was 
used as usual. 

Trichloroacetic acid-benzidine reagent (0.5 g. benzidine, 10 ml. glacial acetic acid, 
10 ml. 40% (w/v) trichloroacetic acid, 80 ml. ethanol) was also used for the detec- 
tion of glucose and glucose-containing reducing and/or non-reducing oligosaccharide. 

For the separation of each sugar, the large scale filter paper chromatography 
was employed. 


Results 


Glucose and galactose were detected in all parts of the plant. These two sugars 
were well separated on the chromatogram run with 80% phenol, as shown in Fig. 
2. Fructose was present only in the stolons (Fig. 1). All these three monosaccha- 
rides were contained in the stolons even in December, although in a very low con- 
centration. 

In addition of these three monosaccharides, there were detected four spots of 
smaller Ry values (Fig. 1), that is, 0.14, 0.04, 0.015, and 0.00, respectively. 

The first spot (Ry 0.14) coincided with sucrose, and the acid hydrolysis products 
were composed of glucose and fructose almost in an equal quantity (Fig. 3 a, b). 
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shadowed spots denote positive Seliwanoff’s reac- 
tion, and the clear circles, positive benzidine 
reaction. I. stolon; II. root; III. stem; IV. leaf; 
V. control. 


The Ry (0.04) of the second oligosaccharide was identical with raffinose. When 
it was subjected to mild hydrolysis with 20 % acetic acid for 4 hours on a water 
bath, two spots were obtained, one of which corresponding to that of fructose. The 
Ry value of the other is similar to that of the melibiose, obtained by similar pro- 
cedure from the authentic raffinose (Fig. 4 a). This latter spot showed positive 
reaction with benzidine reagent and negative one with Seliwanoff’s reagent, an 
indication that it is an aldehydic sugar. After the separation of this component 
from the paper chromatogram followed by acid hydrolysis:with N H2SQ4, two sugars, 
identical with glucose and galactose, respectively, were obtained on paper chromato- 
gram in an almost equal quantity. From these results the spot is no doubt identi- 
cal with raffinose. 

The Ry value of the third oligosaccharide was very similar to that of authentic 
stachyose. This was partially hydrolysed with 20% acetic acid, and the hydrolyzate 
was chromatographed. As control, authentic stachyose was likewise hydrolysed and 
chromatographed side by side. There were seen two spots, one of them representing 
fructose and the other manninotriose. On elution and re-chromatographying, the 
Ry values agreed completely (Fig. 5 a, b, c). The spot corresponding to mannino- 
triose failed to show any positive reaction with Seliwanoff’s reagent, but was positive 
to benzidine reagent. It was eluted and completely hydrolyzed with N H2SO, for 6 
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showing the same Rf as that of the authentic hydrolysis products of L3 (1). 
sucrose (1). Descending chromatogram. II, control: partial hydrolysis products of the 
b) Hydrolysis products of the disaccharide. (1) authentic raffinose (run with phenol-water). 
Chromatographed by the descending method, L, lactose; F, fructose; Mb, melibiosse. 
at 23° for 16 hours. b) Chromatogram of the hydrolysis products 
F, fructose; G, glucose; S, sucrose. II. control. (N-H»SO4) of the fraction representing meli- 


biose (run with phenol-water) (1). II. controls. 


hours on a water bath. The products proved to consist of glucose and galactose in 
an approximate ratio of 1:2. In this case, the quantitative comparison between 
glucose and galactose was made by comparing the diameters or the areas of their 
spots with those of authentic ones? (Fig. 5d). The hydrolytic procedure with 
NH2SO, proved to have no effect on the comparative quantities of glucose and 
galactose, because a mixture of authentic glucose and galactose in a ratio of 1:2 
gave consistent results. 

The third oligosaccharide did not now show positive benzidine reaction, but was 
positive against Seliwanoff’s reagent. All these facts may be sufficient enough to 
identify this third spot with stachyose. 

The fourth spot, the R¢ value of which is practically O, is to be considered as 
lycopose. There is at present no procedure available for separating this from 
stachyose, so that it could not be made clear, what kinds of sugars and how many 


moles of them are concerned in building it up. The task is reserved for further 
investigation. 


The kind advice and encouragement of Dr. S. Hattori, Prof. of the University 
of Tokyo, are gratefully acknowledged. The author is also indebted to Prof. S. 
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Fig. 5. Chromatograms of the partial hydrolysis products of Z4 (1). Control: partial hydrolysis 
products of the authentic stachyose (Il). a) Chromatographed with butanol-acetic acid-water. 
b) Chromatographed with phenol-water. c) Chromatographic procedure was repeated three times; 
the solvent front asceded each time a distance of 29cm from the starting point (butanol-acetic 
acid-water). The spot representing fructose moved 16.4cm, while the fraction representing man- 
ninotriose moved only 1.3am. d) Chromatogram of the hydrolysis products (1, IL) of the man- 
ninotriose part of Z4 (run with phenol-water). control (1): the hydrolysis products of the man- 
ninotriose, obtained from authentic stachyose. F, fructose; Mt, manninotriose; G, glucose; Ga, 
galactose. 


Murakami, of the Saitama University, to Prof. K. Hisauchi, of the Toho University, 
and to Mr. M. Togashi of the Takeda Pharmaceutical Company, Osaka, who very 
kindly furnished me the materials. 


Summary 
1. The sugar in Lycopus lucidus Turczaninoff were investigated by means of 
paper partition chromatography. 2. Glucose and galactose were present in all parts 
of the plant. Fructose was confined only in the stolon. 3. In addition to the mono- 
saccharides and a hexasaccharide lycopose, sucrose, raffinose, and stachyose were found. 
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The genus Cheiropleuria contains a single species, Chetropleuria bicuspis var. 
integrifolia, which was transferred by Nakai (1928, ’33) from the Polypodiaceae to 
his new family Cheiropleuriaceae, basing chiefly upon its particular characteristics of 
gametophyte and the special type of the development of stomata of the leaf. This 
species distributes widely in the warmer regions of the Far Eastern territories includ- 
ing the south-west part of the Japan Arachipelago. It isa protostelic fern of moderate 
size, characterized with fairly thick creeping rhizome and long-petioled, dimorphic 
leaves, i.e., broader sterile ones which are frequently forked at their tip and divoid 
midrib, and narrower lanceolate fertile ones with distinct midrib. Notwithstanding 
all of these features are thought to be very interesting, few is known on its mor- 
phological and anatomical natures, excepting a certain number of brief notes chiefly 
on the structure of rhizome (Bower, 1915; Ogura 1938). 

In the present study, the writer dealt in detail with anatomical and morphological 


studies on the adult as well as the juvenile plants, placing a special importance on 
the venation of leaves. 


Material and Methods 


The materials used in the present study were collected by the author in Aug. 
1950, in Hachijo Island. Paraffin sections were made for the detailed study of the 
leaves. Materials were fixed in F. A. A., dehydrated in an ethyl-buthyl alcohol series 
and sections were stained in Heidenhain’s haematoxylin. For the study of venation, 
living leaves without any treatment serve sufficiently for purpose. Sometimes, leaves 


are boiled in dilute NaOH solution in order to trace vascular skeletons. 


Observation 


External features 


The rhizome is creeping, and surrounded by petiolar base of closely arranged 
leaves, both being covered densely with browny hairs. Some of the marked charac- 
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teristics of the external features of the Chetropleuria seem to be in the rhizome, 
which is relatively thick and short, 5~8 mm in diameter, branching very rarely, and 
grows very slowly every year. It shows a distinct dorsiventrality in that the leaves 
are closely arranged on its dorsal side. Leaves are clustered as in the case of 
Osmunda and the petioles are almost erect, slender and long, and are not articulated 
at their base. They attain mostly 20~40cm in length. The lamina of sterile leaves 
is mostly forked at their top and has no midrib, the main veins branching dichoto- 
mously at the lamina base. The fertile leaves are generally smaller and more slender 
than the former. The lamina has the midrib and the main veins is divided into 
three at its base. The sori and capitate paraphyses cover densely all over the lower 
surface. 

The roots are relatively thick, long, brownish in colour and branch very rarely. 
They are arranged not only on the ventral side of the rhizome, but also near each 
petiolar base on the dorsal side. The arrangement of the roots are relatively regular. 

Internal structures 

Rhizome. The structure of the rhizome, as has been studied already, is rather 
simple (Fig. 1, A). Within the epidermis, which is of normal structure, is found the 
cortical tissue composed mostly of the sclerenchymatous cells, namely, many layers 
(sometimes morethan 20 layers) on the outer side are composed of relatively large 
cells, while those of the inner layers (4~6 layers) are smaller. This condition 
resembles to the case of Gleichenia. 

The protostele is characterized by the narrow phloem and rather massive xylem 
which is composed of tracheids intermingled with thin-walled parenchyma, just as in 
the case of Gleichenia. Ata short distance from the periphery of the xylem, is found 
variable numbers of small protoxylem masses which are arranged chiefly on the 
dorsal half of the stele of the creeping rhizome. The single leaf trace issued forth 
from the rhizome is elliptical and provided with two protoxylem groups. 

Leaves. In a cross section, the outline is crescent at the petiolar base and it 
becomes circular at the upper part of petiole. In the ross section, there 2-3 layers 
of the thin-walled parenchymatous cells which are followed by the inner layers of 
the smaller sclerenchymatous cells. There are a pair of elliptical meristeles. The 
vascular bundle belongs to the Marattia-type described by Ogura (1938). 

One of the distinct characteristics of the leaf in Chetropleuria is the presence of 
the stelar system of the Chezropleuria-type as was shown by Ogura (1938). The 
leaf trace departs dichotomous-sympodially from the protostele of the rhizome and it 
is soon divided into two at the very base of the petiole (Fig. 1, B,C). This division 
is true-dichotomy and takes place radially to the axis. At the lower part of the 
petiole each of the two strands is subdivided into two (Fig. 1, D). At the middle 
part of the petiole inner two of them are temporarily fused into one which is soon 
separated again into two, thus there being four strands at the upper part of the 


petiole (Fig. 1, E). 
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Fig. 1. A, Cross section of the rhizome, showing the stele and the cortex with the leaf 
trace. x45; B~E, successive cross sections of the petiole. B; extreme base of the petiole, 
x 100; C, base of the petiole. x 80; D, middle of the petiole. x50; E, top of the petiole. 


x50; F~H, successive cross. sections of the petiolar base (F), middle of the petiole and 
the lamina (H) of the fertile leaf. x 70 
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In the case of fertile leaf the vascular system below the middle part of the petiole 


is similar to that of the sterile (Fig. 
the petiole, however, run invariably i 
a midrib (Fig. 1, H). 

The lamina of the sterile leaf is 


Under the upper epidermis, is found 


1, F, G). Three strands of the middle part of 
nto the lamina, the median one of them marking 


thick and leathery, about 1.1mm in thickness. 


a layer of large cells. The mesophyll consists 


of undifferentiated roundish cells which are roughly arranged on the lower side. The 


Fig. 2. Vascular skeleton 
of the lamina of the sterile 
leaf which shows the main 
veins and the smaller veins 
showing the “ Venatio An- 
axeti.”. x 


5~7 inner layers consist of thin-walled cells. The central cylinder is trirch and sur- 


rounded by very distinct endodermis. 


prominent veins are four to eight in number 
and small veins connect each other into a 
network to make a “ Venatio Anaxeti” type. 
The vascular system at the base of the lamina 
of the sterile leaf is shown in Fig. 2, which is 
obtained from a leaf after the treatment of a 
dilute solution of NaOH. The four main veins 
at the base of the lamina divergo to extend all 
over the lamina. 

Sorus. The sori cover all over the lower 
surface of the fertile lamina. Soral areas are 
made by the patches of receptacles. .The sporan- 
gium is provided with an oblique annulus con- 
sisting of about 18 thick-walled cells and a stalk 
of four rows of cells. The latter bears capitate 
paraphyses. The spores are tetrahedral or some- 
times bilateral, and their surfaces are smooth. 

Roots. Their structure is of. typical fern 
type. Two or three outer layers of the cortical 
tissue are composed of thick-walled cells, and 


The young plant. Successive leaves on 


several young plants are preferred in 


to investigate the origin of the venation. 
The first leaf is short petioled and 


order 


spoon-like in form. The venation is very 
simple, namely, a single trace which enters 
into the base of the leaf runs toward the 
upper part without branching (Fig. 3, A). 
In the next leaf whose petiole is more or 
less elongated, the veins shows a dichoto- 
mons braching at the upper part of the 
lamina (Fig. 3, B). In the third leaf the 


A B C 


Fig. 3. Successive leaves on 
several young plants, showing the 
venation which is peculiar to the 
species. A, first leaf; B, second 
leaf; C. third leaf. x2 
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lower part elongates into a slender petiole and venation shows the type which is 
peculiar to the species (Fig. 3, D). 

The structure of the first leaf is simple. The petiolar base is cylindrical and 
its top and the lamina are flat. In the petiole, within the epidermis consisting of 
thin-walled cells, is seen the cortex of 3-4 layers which consist of thick-walled cells. 
The bundle surrounded by an obscure endodermis 
consists of the phloem and the xylem composed 
of tracheids of from two to three cells. In the 
second leaf, at a short distance below the level 
where the bundle of the lamina is dichotomously 
divided two protoxylem are observable. The 
structure of the lamina in cross section is Compos- 
ed of vunifferentiated, loosely arranged paren- 
chymatous cells which are nearly the same in 
form and size. 

On a young plant which bears the first leaf 
only, the writer could fortunately find the gameto- 


phyte though it was nearly perished, and in the 


Fig. 4. The gameto- 
phyte with the first leaf 
and the first root. x15 about 5mm in length and cordate at the base; 


bad state of preservation. The gametophyte is 
the midrib is 8-10 cells thick ; endophytic fungi are the archegonium is long and large. 


Discussion and Conclusion 


Chetropleuria bicuspis var. integrifolia was first noted by Blume in 1828. A 
little later, it was transferred by Presl (1849) to his monotypic genus Cheiropleuria. 
In Nattrlichen Pflanzenfamilien, Diels (1902) placed this genus in Acrosticheae- 
Platycerinae, and this classification has been used by Christensen (1906). Bower 
(1915), who discussed the affinites of ferns from the phyletic point of view, pointed 
out that this species had mixed characters which were comprehensible as primitive 
and advanced, and that, in this regard, Cheiropleuria should be placed between 
Dipteris and Platycerium. But his phylogenetic consideration was apparently estab- 
lished only on the basis of the studies on the sporophyte. On the other hand, Nakai 
(1928, 33) studied gametophyte and the development of stomata and found that the 
antheridia were alike to that of the Polypodiaceae, while the archegonia were rather 
alike to that of the Hymenophyllaceae and Schizaeaceae. He pointed out also that 
in the presence of mycorrhiza it resembled to the Marattiaceae, Osmundaceae, and 
Gleicheniaceae, and in the development of stomata, to the Cyatheaceae. In Genera 
Filicum, Copeland (1947) recognized 65 genera of the Polypodiaceae and the genus 
under investigation was treated as one of the primitive genera on the basis of the 
characters of sterile and fertile leaves. 


One of the characteristic features of the rhizome is the protostelic structure of 
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the stele, as was already observed by Bower (1915) and the other authors. Bower 
stated that the stele is of considerable size, and in structure and in form it resembles 
closely to that of the protostelic Gleichenia, such as G. Slabellata, or dichotoma. 

This condition is apparently rather uncommon among the living ferns, being 
restricted, besides Gleichenia just mentioned, to Lygodium, as well as members of 
the Hymenophyllaceae (Nozu 1950). Though it will be unnecessary to discuss here 
in detail, it should be noted that there is an apparent dorsiventrality in the structure 
of the protostele as shown by the dominant number of the protoxylem groups on its 
dorsal half. The presence of two groups of protoxylem at the very base of leaf 
trace is also important. 

In this species, the leaf trace originated from the rhizome shows no true dicoto- 
my, but a dichotomous sympodial largely influenced by the monopodial character of 
the rhizome. The leaves of this species arise more closely than in the case of the 
protostelic Gleichenia. On the other hand, these facts seem to offer some important 
influence on the construction of the leaf. A similar condition is also found in many 
Hymenophyllaceae (Nozu 1950), as well as in Botryopteris cylindrica. 

The size of a leaf trace of Cheiropleuria is nearly identical with that of the 
stele of the rhizome. Thus, it may be hold that the ferns which have an actually 
primitive character become entertained of morphological equivalence of the vascular 
axes in leaf and rhizome as was already discussed in other ferns by a certain number 
of authors (Tansley 1908, Campbell 1921, Zimmermann 1930, and Chrysler 1945). 

Another characteristic of the species lies in the peculiarity of the stelar system 
of the leaf, that is, a single leaf trace forks, at the very base of the petiole, into 
two meristeles which increase their number into four to six by further bifurcations. 
Each meristele at the petiolar base of this species apparently belongs to the Marattza- 
type described by Ogura (1938). In many species belonging to the Marattia-type, 
however, the meristeles are many in number and the large two on the adaxial side 
are usually fused sooner later to show the Onoclea- or Asplenium-type. But in this 
species, two elliptical meristeles in the petiolar base not change into Onoclea and 
Asplenium-type, and the vascular system resembles at a glance to that of Platycerium 
(Bower 1915). Though the latter resembles to the so-called Polypodium-type Cin the 
wide sense), they are different in that, in the latter type the abaxial and adaxial 
meristeles fuse each other at the middle part of the lamina. In Cheiropleuria they 
do not fuse with each other, but are arranged separately in a horizontal. Thus, the 
stelar system of Chetropleuria is quite unique. 

The chief interest is centred on the main veins. In this species, there are 4-6 
main veins in the lamina as the result of twice of thrice bifurcations in the petiole, 
showing no midrib. Such features of leaves are rare and are considered as primitive. 

The dimorphic character of leaves is apparently a condition which is not rare 
among ferns. In discussing Cheiropleuria, however, this characteristics is also im- 
portant. The sterile leaves, which are characterized by the wide, firm leatherly 
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lamina, are borne on a thin wiry petiole, which resembles especially with Dipteris. 

The form and the venation of the lamina, providing more than two cusps, resemble 
closely to those of Dipteris, although in Checropleuria, the one-cusped type is some- 
times dominent. 

Wagner (1952) distinguished four general types of the foliar dichotomy among 
the living ferns and put this species, together with Ctenopteris heteromorpha, 
Grammitis furcata and Platycerium, in the crested blade type. He says that the leaves 
of juvenile plants resemble to the fertile in the reticulate architecture of veins. But 
in Cheiropleuria adult leaves are pinnate-reticulate in vascular architecture, and 
juvenile leaves rather resemble to those of the Dipteris. The adult fertile leaves are 
found to be alike to those of most species of the Polypodiaceae. Also, the fact that 
juvenile leaves are entire, is due to undeveloped of the main veins. A preponderance 
of main veins over small veins are the later than of this stage. Though, in Platycerium 
the crested blade becomes stable, in Cheiropleuria it isnot so. Thus, there are some 
differences between both genera in minute feature of the venation as well as in the 
degree of the stability of the crestal character. 

No peculiarities are found in the structures of the root. The presence of well- 
developed sclernchymatous tissue in the cortex resembles to that of the most species 
of Equisetum, Marattia, and Selaginella, while the structure of the stele resembles 
to some species of Ophioglossaceae and Marattia. 

On the other hand, the gametophyte in this species has a certain number of some 
characteristics which differ from the Polypodiaceae. Recently, Stocky and Atkinson 
(1954) published a detailed study on the development of the gametophyte and des- 
cribed that this species differed markedly in various features from the higher ferns, 
but rather resembled to the members of the Gleicheniaceae, Matoniaceae and Dip- 
teridaceae. They recognized the family Cheiropleuriaceaea though the characteristics 
pointed out by them are somewhat different from those by Nakai who proposed this 
family in 1933 on the basis of the gametophyte as having the endophytic fungi, and 
archegonia with straight neck. Also the writer rather roughly agrees with Stokey 
and Atkinson (1954) in the following points, that is, the base is cordate, endophytic 
fungi are not found, the archegonium is long and large, and the midrib is 8-10 cells 
thick. 

In conclusion, this species shows an abundance of primitive characteristics in the 
sporophyte as well as in the gametophyte, namely, the typical protostelic stem, non- 
articulate stipes with two vascular strands at its base, simple scales, glabrous sur- 
face of the lamina, and obliquely placed annulus of the sporangium with a stalk 
composed of four rows of cells. Especially, the two meristeles at the petiolar base, 
the repeating bifurcations of the veins, various characters of juvenile leaves, and the 
form of the lamina, as well as particular characters of the gametophyte, are the 
characteristics which cannot be found in any of other ferns. 


The morphological and anatomical characters of Cheiropleuria are indeed pri- 
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mitive and show a few affinity to other ferns. An assortment of such characteristics 
of sporophyte further indicates that the Cheiropleuria should be placed in an inde- 
pendent family. Thus the Cheiropleuriaceae Nakai which was established on the 


basis of a study on the gametophyte is also recognizable from the results of the 
present study. 


Summary 


Anatomical and morphological studies have been carried on the sporophytes, 
especially on the leaves, of Cheiropleuria bicuspis vay. integrifolia from Hachijo 
Island. Gametophytes which persist imperfectly on some juvenile plants are also 
observed. There is an abundance of particular and primitive characteristics, such 
as, (a) the protostele showing a dorsiventrality in the dominant number of the pro- 
toxylem groups on its dorsal side; (b) a marked dimorphism shown as the sterile 
and fertile leaves; (c) firm and leathery laminas which are frequently bicusped at 
their tips and are provided with 4-6 parallel veins formed by repeated bifurcations 
of bundles of Marattia-type in the nor-articulated and wiry petiole, etc. An assort- 
ment of such characteristics of the sporophytes apparently shows an independent 
systematic position of Cheiropleuria among the Leptosporangiate ferns, and, thus, 
strongly supports the opinion of Nakai, who established an independent family 
Cheiropleuriaceae on the basis of some particular characteristics of the gametophyte. 


Finally the writer wishes to acknowledge his indebtedness to Prof. Y. Ogura and 
Dr. S. Watari for his kindness of reading the original manuscript. He also thanks 
to Prof. T. Kondo of Biological Institute of the Shizuoka University for his kindness 
of giving permission to use his collection. He is also grateful to J. Tsuboi who 
helped him in collection of the material at Hachijo Island. 
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Summary 


1. The karyotypes of five species and three varieties in Ranunculus are deter- 


mined as follows: 


R. japonicus K(2n)=14=2A\™4+2A.™+42Bm- 2C\st+4 2,Cst+ 2C,st-+ 2tDst 
R. yakushimensis K(2n)=14=2A\™+ 2Am+2B™ +4 2C\st + 2C,st-4 2Cqst-+4 ItDst 
R. auricomus K(2n)=28=4A "+ 4A,™+ 4B+4Cm st 4C.st-4-4C,st + 4tDst 
R. ternatus var. glaber K(2n)=16=2A,™+2A.5™42A,5-4 2B) st 


+2B,st+ 2B,st + 2Cst4 2Dst 
R. ternatus var. 
quelpaertensis K(2n)=16=2A\™+2A.sm + 2A,sm-4 2B)st 
+ 2Bost+4 2Bast+4 2Cst + 2Dst 


R. cantoniensis K(2n)=32 =4A)™+ 4A, + 4A,8m +4 4B,st 
+ 4Bost + 4B,st +4Cst4 4)st 
R. sceleratus K(2n)=32=12A™-+4B™-+ 12Cst+ 4Dst 


R. reptans var. flagellifolius K(2n)=32=12A™+4Bsm+16Cst 

2. Comparing the 7-basic complement in fig. 1 with the 8-basic one in fig. 3, 
we find the former to differ markedly from the latter in the absence of a chromo- 
some corresponding to h in fig. 3 and the presence of a satellite g in fig. 1. 

3. From the karyotype analysis, the race with the basic number 8 is divided 
into two groups. The first includes R. cantoniensis and the two varieties of FR. ter- 
natus, and the second FR. sceleratus and R. reptans var. flagellifolius. 
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A, tenuipes Makino 7 13+ 7 
A, ageratoides Turcz subsp. leiophyllus 
Kitamura var. (A. ageratoides Turcz subsp. 
leiophyllus Witamura x A. ageratoides 
Turcz subsp, ovatus Kitamura) 
A. ageratoides subsp. amplexifolius Kita- 
mura var. (A, ageratoides Turcz subsp. 
amplexifolius Kitamura x A, ageratoides 
Turcz subsp. leiophyllus Kitamura) 
A, ageratoides Turcz subsp. tubulosus Kita- 
mura F37¥4a4 2%F 
A, ageratoides Turcz subsp. ripensis Kita- 
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Karyotype Analysis in Astey I11** 


8 FS 


1. te AyvAY Aster fastigiatus Fischer 2n= 
18 24 i7See (Fig. 1, Table 1) 

AAHHIGZL A 18 fAR(LAS S ON 9 XC HEFI 
PACEMECEHBO Lob 7 MMIC KS S40 
wrt 2Xt (3,4; 17,18) 23 median , fh 
li>¢~c submedianG3,4, RKOGEA 1 xf 
(1,2) (2 LAE ea fA CHICK REL LOR 
& 7.8» HO, BPONITERS 48 CHS, 

BAIZROXRCHRHENSS 
KQn=18 JCA 2b 4201, eee. 

2C8™ + 2D°"+6ES" 4+ 2F™ 


Table I. Measurements on somatic 
chromosomes in A, fastigiatus 


“somes | Tength ine agen” 
1,2 7.8=4,24+2.4+1.2 100 
3,4 7.2=3.6+3.6 92 
5, 6 6.6=4.2+2.4 85 
7,8 6.6=3.6+3.0 85 
9,10 6.0=3.6+2.4 Te 

11~16 9.4=3.0+2.4 69 
17,18 4.8=2.442.4 62 


2. 7u~*Y A, tenuipes Makino 2n=18 Ff 
HRLUDMESLUBE (Fig. 2, Table ID) 

ARE 2 BURL RAPHE IC OAR BD RRR 
ChOC, A. ageratoides & (tMABBRE IC tsV.c 
SUS SDP 3s CIL-S GHRRICF SA, K 
MPU 18 ALAS S OMAK 6 SNCEVIF SB 
CLAS, BO bib 6 MAIC KHCS SZ, FE 
AAS 1 XY} (3,4) 23 subterminal 1 %f (5,6) 2S 
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median, #47 xfltt~c Submedian 3,4, 
RAORBA 1 Xt C, 2) (k LAE Bela pk-ekapAe 
“RRERALRS 8.4u BO, RHO AAlt 
RE&5.4y GHA, 
BABIIRORGCRHSHNSAS 
K(2n)=18=2csAsm + 2QBst4+2Cm+ 2])sm 
+8Esm + 2Fsm 


Table Il. Measurements on somatic 
chromosomes in A. fenuipes 


Chromo- 


some Length in yp. a 
2, 8.4=4.8+2.44+1.2 100 
3,4 7.8=5.442.4 93 
5,6 7.2=3.6:-3.6 86 
7,8 6.6=4.2+2.4 79 

9~16 6.0=3.6+2.4 71 
ZS le Stes. 


3. <A. ageratoides Turcz subsp. leiophyllus 
Kitamura var. (A. ageratoides Turcz subsp, 
leiophyllus Kitamura x A. ageratoides Turcz 
subsp. ovatus Kitamura) 2n=36 #fé87¢ (Fig. 
3, Table IIL) 

ARISE, Se, IP AIAR BARC 
4 USAR Cis cC yr a kerry ayv#x7 
tOPRBeat. BML ay * 7K, 
K)P2KO VE YfafKe4d, jarRrAld 1 xf 


Table III. Measurements on somatic chromo- 
somes in A. ageratoides subsp. leiophyllus 
var. (A. ageratoides subsp. leiophyllusx A. 

ageratoides subsp. ovatus) 


Chromo- Relative 


somes Length in p length 
12 8.4=4.8+2.441.2 100 
3,4 7.8=4.24+2.441.2 93 
5,6 7,.2=4.84+2.4 86 
7,8 1.24. 243-0 86 
9~12 6.6=4.2+2.4 "S 
13, 14 6.6=3.6+3.0 WG 
15~24 6.0=3.64+2.4 Wale 
20,26 6.0=3.043.0 71 
27~36 5,4=3,072.4 64 
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(25, 26) OA median ~G{ikit+~c submedian 
Cho MAOKEAI A (1,2) (2RS8.4 v 
&O, B2X (3,4) (246 1 ML Od THICHV 
DUT AV G FAUT RR HOTS, HO 
IMitHS 5.44 GHA, 

PAWL ROX CHI S156 


K(2n)=36=2csAsm 4 2esBsm +4.2C)sm 4+.9C,sm 


4D s™ +2D)5™ -+10Eysm 4+ 2E.m410Fsm 


4, vy2yvu%x7 A, ageratoides Turcz subsp. 
amplexifolius Kitamura var. (A. ageratoides 
Turez subsp. amplexifolius Kitamura x A. 
ageratoides Turcz subsp. leiophyllus Kitamura) 
2n=36 fHAAMLUP (Fig. 4, Table IV) 

AHA lists LUPO LWHBICIK < BL, 
NARs CA FAK DL YR aAFLOM 
HBLAT > MII 36 TID EAS Sk 
2-6 10 fPIC KW SN40 BRAILEX 1,2; 
5,65 17, 15%) 29) S05 SL, 32233, .04) os medianmc 
FEA 12 KS(LF~C submedian GHA, HKO 
WRK Xk LE WAC —A ORK TKR 
RELEES 8.41 ChS. B)OMBAILES 
4.2. Cho 

PBIZKROXKCKD ENS 
K(2n)=36=2¢sA™-+ 2Bys™ 4+2Bom+ 6Csm 

+4D,sm +2D.™+ 6Esm +4F\sm 
+ 6F 25" +2Gsm 


Table IV. Measurements on somatic chromo- 
somes in A, ageratoides subsp. amplexifolius 
yar. (A. ageratoides subsp. amplexifolius x 

A, ageratoides subsp. leiophyllus) 


Chromo: | yength in y ‘Rela 
lee 8.4=4.243.04+1.2 100 
3,4 Wo D=A, 2215.0 86 
5,6 (A= Os ee 6 86 

1—~2 656=3.6-20.0 79 
13~16 6.0=3.6+2.4 73) 
17,18 6.0=3.04+3.0 71 
19~24 543, OF 254: 64 
25—~28 4.8=3.0+1.8 57 
29~34 A a= 2.4 2,4. Dif 
35, 36 4.2=2,4+1.8 50 


5. Fa 7a 2+ A. ageratoides Turcz subsp. 


100 fi 2 HE aG 


tubulosus Kitamura 2n=36 £¢i (Fig. 5, Table 
V) 

FARA EK 36 (HIZB EKS S ob 11 fA 
CB SHA. BAAS 2 XT (27, 28529, 30) 23 
subterminal, 4x (17,18; 19, 20; 31, 32; 33, 34) 
2s Median -G¥E4 12 xfik>~T submedian G 
bb S_ KAO 1x} 1,2) (2 VE BWR CRBC 
TREE LORS 7.8p BO, Be)OBWBAls 
FeS 1.8p Choo 

BIZ KOK CRD ENS 
K(2n)=36=2¢s2Asm +-2B)s™ + 2,Bsm 

+4Csm +46Dsm + 2Em4+2Fm+46Gsm 
+4H)st+4H2™+2Ism 


6. R=n7VaYx7 A. ageratoides Turcz 


Table V. Measurements on somatic chromo- 
somes in A. ageratoides subsp. tubulosus 


Relative 


fas : Length in p length 
Ie 7,.8=4.2+2.441.2 100 
By, 6.6=4,24-2.4 85 
5,6 6.6=3.6+3.0 85 
7~10 6.0=3.642.4 al 
11~16 5.4=3.042. 4 69 
17,18 4,.8=2.442.4 62 
19, 20 3.6=1.8+1.8 46 
21~26 3.0=1.84+1.2 38 
27~30 2.4=1.8+0.6 31 
31~34 2.4=1,24+1.2 31 
35, 36 1.8=1.2+0.6 23 


Table VI. Measurements on somatic chromo- 
somes in A. ageratoides subsp. ripensis 


Chromo- Relative 


somes Length in p. length 
G7? 7.2=4.241.841.2 100 
3~6 6.0=3.64+2.4 83 
7~10 5.4=3.04+2.4 75 
AE, 4.8=3.0+1.8 67 
13~16 4.8=2.44+2.4 67 
MGs, Alfe? 4.2=2.441.8 58 
19~30 3.0=1.8+1.2 42 
31~36 2.4=1.241.2 33 


ey 68 4: sf 801 = 


AeA 30 4F 3 A 


subsp. ripensis Kitamura 2n=36 JA /2,RA/EUE 
(Fig. 6, Table V1) 

PRAIA 26 TIE LAS S Lob 8 fH 
KRSNA, BRATS XY 13,14; 15,16; 31, 
32; 38,34; 35,36) Zs median -Cftlk~-c. sub- 
median GS, BKO1NC,2) (k LE BE 
CPUC IRIEL LDES7.2p 50, Be) 
DAA KtE S 2.4 ChSo 

PBNIIROKCHRH END 
K(2n)=36=2csAsm 4+4Bsm + 4Csm 422))6m 

4D.™42Esm 4+12Fsm 4+ 6Gm 

7 FPN Y IVD A. Sekimotoi Makino 
2n=18 3H ES LUE CFig. 7, Table VII) 

ARRIZHGA, BRA, BORO BIASRIC BE LIVE 
REI IstocC VIN YXD A. scabery LVIYR 
¥ 7 A, rugulosus © OPTRA LIWRROFER 
LBASNS. MIRE 18 fAlLAS S OFA 
KOMICHIT SOL ACH, BOLMS 7 aM 
KRMSNS. BRAL3 xX (,10; 11, 12; 13, 
14).23 median G, 784 6 Xflk submedian Cs, 
Do AOA Xt 1,2) (2 LE Bela em 
PUCI RRS LBES 10.2. BO, MHoOY 
fa fK 4 FUT — RRR 4 ORS 5.4 Cho, 

PBMLY 7 ye £7 LEMMLOFORCERHS 
AUD 


K(2n)=18=2eAsm +2B)s" +2B,sm 
+2Csm +6Dm-+2Fsm + 9csf'sm 


Table VII. Measurements on somatic 
chromosomes in A. Sekimotoi 


ST a 
ee, 10.2=5.44+2.442.4 100 
3,4 8.4=5.44+3.0 82 
5,6 8.4=4.843.6 82 
7,8 7.8=4.843.0 76 

9~14 7.2=3.643.6 71 
Ulsy, ANG 6.6=3.64+3.0 65 


Ife As} 9.4=3.04+1.24+1.2 53 
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Fig. 1. Aster fastigiatus. 
ageratoides subsp. 


Fig, 2. A, 
leiophyllus var. 
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(A, ageratoides subsp. 
Fig. 4. A. age- 


leiophyllus x A. ageratoides subsp. ovatus). 
vatoides subsp. amplexifolius var. (A. ageratoides subsp, am- 
leiophyllus) Fig. 5. A. 
Fig. 6. A. ageratoides subsp. 


ageratoides subsp. tubulosus. 


ripensis. 


plexifolius x A. ageratoides subsp. 


Summary 


Fig. 7. A. Sekimotoi. (A. scaber x A. rugulosus). 
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nvpe Aster 4% Euaster 
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1, Heterophylli $A) 


1. The karyotypes of 3 species, 2 subspecies and 2 varieties in Aster are reported. 


2. The karyotype formulae are as follows: 
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Aster fastigiatus 


a 68 4A 8% 801 4 


HEA 30 4E 3 4A 


K(2n)=18=2sAsm +2Bm+42C)sm +2C,sm +2Dsm 4 6Esm + 2F'sm 


A. tenuipes 


K(2n)=18=2¢sAsm + 2Bes+ 2C™+2Dsm 4+8Esm 4-2Fsm 


A. ageratoides subsp. leiophyllus var. (A. ageratoides subsp. letophyllus x A. age- 


vatoides subsp. ouatus ) 


K(2n)=36=2csAsm +4 2QesBsm + 2C)sm 4+2C,sm +4D sm 4+ 2D.5m 4+10E\sm +2E,™+10Fs™ 
A. ageratoides subsp. amplexifolius var. (A. ageratoides subsp. amplexifolius x 


A. ageratoides subsp, leiophyllus) 


K(2n)=36=208A™-+2B9m +2B.m46Csm + 4D sm + 2D." +6Esm +4F\sm + 6Fm-+2Gsm 


A. ageratoides subsp. tubulosus 


K(2n)=36=2csAsm 42B)sm 4-2B,sm 4.4Csm +6Dsm 4+2Em2Fm+4 6Gsm 44H st + 4H m+ 2Ism 


A. ageratoides subsp. ripensis 


K(2n)=36=2csAsm + 4Bsm + 4Csm + 2D sm 4D,m-+4 2Esm + 12Fsm 4+6G™m 


A, Sekimotot (A. scaber x A. rugulosus) 


K(2n)=18=3¢8A™ +42B,sm 4+2Bysm 4+2Csm +.6D™42Esm + Qesf'sm 


5 FA 
1, Avers, C. J. Amer. Jour. Bot. 40: 669 
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[Drew, K.M.: Life-history of Porphyra Nature 173: 1243 (1954) ] 
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Introduction 


As a means of ecological analysis of the structure of weed communities, the 
concept of habitat segregation becomes the most important problem to be solved. 

The phenomenon of habitat segregation of weeds is divided into two groups 
based on their relationship between the life form and the growing field of plants. 
The one is the homogenous habitat segregation and the other is the heterogenous ha- 
bitat segregation. The former is that in which the same species occurs in different 
life forms and different habitats, while the latter is that in which some different 
species occur in different habitats and, in many cases in, different life forms, 

The purpose of the present paper is to investigate ecologically and morphologi- 
cally a heterogenous habitat segregation between Aster subulatus Michx, and the 
three species of Evigeron (FE. sumatrensits Retz, E. canadensis L. and E. bonariensts 
L.), both of which belong to the same life form and growing period, and also to 
investigate a homogenous habitat segregation in A. subulatus. 

The author wishes to express his gratitude to Professor Y. Horikawa of the 
Hiroshima University for suggesting this investigation as well as for constant 
guidance throughout the course of the work. To Professor Y. Ogura of the Tokyo 
University, the author is indebted for much valuable advices on the morphologi- 
cal and anatomical work. Further the author owes thanks to Dr. S. Watari of the 
Tokyo University, Professor M. Kitagawa of the Yokohama National University, 
Assist. Professor H. Suzuki and Lecturer H. Andé of the Hiroshima University for 
their helps and valuable suggestions. Thanks are also due to Professor H. Yagi 
of the Agricultural Institute of the Yokohama National University for all possible 
help in providing room and apparatus in the time of the soil analyses. 


Area and Method of Study 


Field surveys were carried out at the growing habitats of Aster subulatus and 


*1) Read on the 18th annual meeting of the Botanical Society of Japan, October, 1953 at 
Kanazawa University, Kanazawa City. 2) Supported by a Grant in Aid for Development Scientific 


Research from the Ministry of Education in 1953. 
**- Biological Institute, Faculty of Liberal Arts, the Yokohama National University. 
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Erigeron spp. on the wayside, ditch-wall and vacant ground in Sendamachi, Hiroshima 
city in the summer of 1951, ’52 and ’53. 

1). Study of vegetation: Analyses of plant communities of A. subulatus and 
Erigeron spp. on road-sides and ditch-walls were made by the systematic sampling by 
belt transects of 0.2-1.0m in width or quadrats of 1.0m2. Ecological features of the 
communities were expressed by the floristic list, coverage and frequency of the 
occurring plants. 

2). Examination of the bed soil of communities: The water content of bed soil 
at the road-side communities and the pure communities was considered with respect 
to the soil sample of 20g and measured after the dryness at 110C®° for 20 hours. 
For the pure communities, the chemical components of bed soil were determined, 
too. In this determination, total nitrogen and humus were measured by the Kjeldahl’s 
method and the Turin’s method respectively, and in the other tests of soil was made 
use of the Prof. Yagi’s soil tester. ; 

3). Morphological study of subterraneous parts of A. subulatus: The subter- 
raneous parts of A. subulatus in its pure communities and in the Eyigeron com- 
munities were studied morphologically and anatomically for the comparison in both 


communities. 


Data and Discussion 


I. Heterogenous habitat segregation between A. swbulatus and three species of 
Evyigeron: 

1) Roadside communities and their soil moisture 

For the vegetation developed in and by a green belt zone of road in front of 
the Western gate of the Hiroshima University, investigations were carried out in 
September, 1951. To facilitate the investigation, the vegetation was divided into 7 
transversal zones A~E from a physiognomical view point (Fig. 1, Tab. I. At the 
A zone (0.3m in width) nearer to the side of the high speed vehicle road-way, A. 
subulatus is most dominant in coverage and frequency. But the opposite B’ zone is 


dominated by EF. sumatrensis and is very few in A. subulatus. On the C, C’, and D 
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Fig. 1. Diagramatic beisect through a green belt zone vegetation 
A, Aster subulatus; E, Erigeron spp. 
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zones which are adjoined to the bare land and influenced by the traffic of vehicles, 
Digitaria ascendens Henr., D. violascens Link. and Eleusine indica Gaerten are ab- 
undant®. 

As to the topography of the habitat, the road-surface is generally flat, but the 
high speed vehicle way is slightly convex and is a little depressed at the adjoined to 
the green zones. Namely, the part touching the green telt zone exhibits a slope 
of 5° to 10° at the place of 0.3-0.4m apart from the paving-stone (near the boundary- 
line between A and B zones) and is favoured with the richness of soil moisture 
and rubbish. On the other hand, the opposite B’ zone is subjected to the accumula- 
tion of soil and slightly raised. In consequence, rain-water on the B’ zone runs 
down to the opposite edge of the road: 


Table I. Structure of the vegetation in and by a green belt zone in the 113 
road-way at Sendamachi, Hiroshima city (showing coverage and frequency 
obtained from the 10 quadrats with 1 m2 area in each zone) 


Neato she B B | ¢ Cc’ D E 
Species Sich; Wgleb |i Merrell idee | Crda Haw Ci dehc a Cadetiqus|| Gada Hida G.deaticas 
| Aster subulatus 5,.0' £00) | 0f7% 50 —_— — = = = 
Erigeron sumatrensis 0.7 40 4.1 100) 4.6 100 — — — 1@ so 
| E. canadensis er 501587 100") 2 GG 2 20 ee ee 2.6 70 
| E. bonariensis 10.2 10/32 90/20 80/02 10] — ae oer, 
| Cynodon Dactylon 1 30) EO) 220 — 30) — 0.6 20 aa 
| Setaria viridis OFZ eeONL Ons). BOs Ont 110 Os3m 20 — — On LO 
Euphorbia sapina 0.2 10 — 10.2 10 — _ _— ass 
Polygonum longisetum 0.1 10 — | = = = = = 
Kummerovia striata —_ Op ae — = _ _ = 
Cyperus rotundus — 0.3 10] — | — Os 1) — _— 
Digitaria ascendens | — 05 40/02 10 WA aft) = OPA 20) | We 
D. violascens LS bh —|2.0 80/46 100/0.9 50/08 50/42 100 
Eleusine indica | — — 0.2 20 | 2 On ks 9) 008 | 4565) 100 _ 
Eragrostis multicaulis, — — - = | = = ey 20 = 


The results of the determination of soil water content were shown in Tab. II. 
From this table it is apparent that the soil water content for the sample on the 8th 
of September*, which is just before a day of rain-fall, is far smaller in every zone 
than that on the 11th of Sep., which is two days after the rain-fall day. But in both 
cases, there can be seen a remarkable difference between EF. sumatrensis-zone CED 
and A. subulatus-zone (A), the latter of which has the highest water content. 

2) Analysis of ditch wall community 

In Sendamachi of Hiroshima city, there is a ditch which is about 5m in width 
and 2.6m in depth. The water level of the ditch is always changeable and shows a 
conspicuous rise even when it encounters a very small rain-fall. There grows a 


* While the investigation was going on in 1951, the rainfall was very little from the 17th July 
to the 10th September. 
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Table Il. Soil water content of each zone in and by a green belt zone showing the mean 
value of three samples in each zone, and the depth of soil sample portion 10 cm 


Division of vegetation 
A B B’ (Cc (e’ D E zone 
Soil sampling time =n tae, 7 


Just before rain-fall the 9th Sep. ’51 Teas 1S) ah A a SE 
Soon after rain-fall the 11th Sep. ’51 Wig Wet da WS) eile) Gh S | 


dense community of A. subulatus and Evigeron spp. on the wall. It is observed at 
a glance that A. subulatus grows near the water’s edge and Evzgeron spp. becomes 


more frequent toward higher part of the wall. To analyse the community 22 belt 


transects, each of which is 0.2m in width, were set with every 1m interval at right 
angle to the stream. Furthermore, quadrats of 0.2 m2 were set on each transect and 
the individual number was carefully investigated with respect to each species. The 
results are shown in Figs. 2~4. The figures clearly show the heterogenous habitat 
segregation between A. subulatus and Evigeron spp. The communities of the Tespec- 
tive genus are separated at the place of 1.8~2.0m high above the water level. 


A . 
t 0.8 
SSS 0.4 
ee & : aN i ey 
Sh, a . Fig. 3. Diagramatic beisect through 
Fig. 2. Ditch wall vegetation constituted with a ditch wall vegetation 
Aster subulatus and three species of Erigeron (the A, Aster subulatus 
2oth Sep. 1951). E, Ervigeron spp. 


3) ‘The pure communities at vacant ground 
a. A comparison between accompaning species. In each of the pure com- 
munities of A. subulatus and of E sumatrensis, 10 quadrats of 1 m2 were set accord. 
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Fig. 4. Micro growing ranges of the main plants on a ditch wall 


ing to the systematic sampling, and the accompaning species (which had been divided 
into 3 groups*: the wetter, middle and drier groups, according to their general chara- 
cter for a soil moisture condition) were compared between the two pure com- 
munities with respect to the percentage of species number, coverage and frequency. 
In the community of A. swbulatus, the floristic percentage is 47% in the wetter, 29% 
in the middle and 24% in the drier group, while in the E. sumatrensis community, 
the wetter group is not found, and the drier one shows such a higher value as 80%. 
Furthermore, for their total coverage and frequency percentage the same tendency 
as in the case of the floristic percentage is observed. By the preliminary survey 
in September 1951 nearly the same results were obtained. 

b. Comparison of the chemical components and the water content of the soil 
between the two communities. As it is clear in Table V, the results of chemical 
analyses of the soil show not very remarkable differences between the two pure 
communities in total nitrogen, humus, pH, P.O; and CaO. On the other hand, al- 
though the soil belongs to the sandy roam type and humus were very few in both 
habitats, the maximum water holding capacity as well as the soil water contents 
both soon after and 3 days after a rain-fall shows higher values in A. subulatus 
community than Erigeron communities. 

From the results mentioned above, it becomes clear that the A. subulatus and 
the Evigeron spp, communities exhibit a distinct heterogenous habitat segregation 


which is due to the soil moisture condition. 


* These three groups are not those which are divided according to the so-called plant geographi- 
cal view point6. 7) but comparatively classified ones in view of the weed communities. 
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Table. III. A comaprison of accompaning species between two pure communities @ 


| A, subulatus community | FE. sumatrensis community 
Species ; Species 
: Pesunteactad| (Gace ca) fer mona Cert 

Panicum Crusgalli L. Digitaria ascendens D Pe || x0) 

Mae ReUbeaC/otd ay 1.8) 90 | Setaria viridis D 1.) 70 
Polygonum longisetum M 1a | GO Trifolium repens D 1.0| 40 
Eclipta prostrata Ww 0.9} 50 | Oxatis corniculata D OS2) || oo 
Juncus tenuis M Vee) at Sagina japonica D 0.6 | 60 
Rorippa islandica W 0.6 | 30 Gnaphalium affine D 0.41) 2 
Polygonum nodosum M 0.6] 40 WA enisin Ueabca | D 0.4] 10 
Bidens tripariia au LS Hydorocotyle are M 0.3 | 20 
Polypogon fugax ey 0.4) 20 | Euphorbia supina D 0.3-| 20 
Plantago asiatica M OFAT 20 Vuncus fends M 9.3) 20 
Hydrocotyle maritima M | Osetia) Chenapodiion. album D 0.2| 20 
Digitaria ascendens D 0,75 1) 20 Popo willosd D 0.2! 20 
Chenopodium album D 0:2) 20 Stellaria neglecta | M 0.21| 20 
Cyperus microiria My Oreii, 20 Sonchus oleraceus | M Of2 20 
Alopecurus amurensis W ab | AKG) Ona Martimia | M 0.1/| 10 
Rumex japonicus W OR LO a re srehinlatas | 0.2] 10 
Portulaca oleracea D (@, aL 10 Erigeron sumatrensis | 4.8 | 100 
Achyranthes japonica D GLI) 20) Te camadanse 9.11! 80 
Aster subulatus 5.0 | 100 BE abondriones 0.5 | 30 
Erigeron sumatrensis 0.6] 50 
E. canadensis | Werk | ae 
E. bonariensis OPI 20 


W, Wetter; D, Drier and M, Middle group. 


Table IV. A comparison of accompanied plants between two pure communities (GUD), 


Groans by A. subulatus community (17 spp.) ae Ret GIS community (15 spp.) 
f Smale: Numb. of Total Total Numb. of Total Total 
(WA (A (A 
spp. Yo c.d. % freq. % spp. % c. d. % freq. % 
Wetter 47 53 cS gah erg ay ‘2 we: 
Middle 29 40 82 20 9 12 
Drier 24 i 13 80 91 88 


The subject species not shown here: A. subulatus, E. sumatrensis, E. canadensis 
and E. bonariensis. 


Il. Homogenous habitat segregation of A. subulatus due to the soil moisture. 
From the results of the field survey mentioned above, it is clear that there is a 
habitat segregation due to the soil moisture between the communities of A, subu- 
latus and Evigeron spp. Namely, the main growing range of A. subulatus is always 
connected with higher moisture. There is often found a pure community of A. subu- 
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Table V. Chemical components and soil water content of the bed soil 
. E : = 
i . Soil water contents 
omm- ampling Total | Hu- ‘ a SS SSS = = $$ __ 
unity portion nitrogen} mus pH F203), CaO Soon after 8 days after) Maximum 
| a rain-fall | a rain-fall |water capacity 
cm) % % p.p.m. less than % % % 
1 O— 5 O29 Ie2zo ne 5ea 200 0. 07 ON 17.9 38. 4 
= 
| 3&8 5—10 O22 ess" 55. 200) 020720) 12 HE), iy, 3 Be), Al 
mes less than 
= 10—15 0222 11.66 | 6.5" 200 0. 07 19.5 16.1 44.6 
. less than 
x 15 —20 OA 32 0) 150 0.07 20.4 16.9 48.3 
less than 
20—30 OFLO VLSI" 750) 150 0.07 20.5 O85 51.4 
te J — | = : = 
‘2 0O— 5 O29 122/650) 200 | 0:07-0:12 1, 7 12.0 Mls Uf 
S 5—10 | O.14 |b 17 | 6.3 200.) over 0,17 16.4 WA Sone 
| 8 10—15 | 0.07 [1.12 | 7.0 100. over 0.17 7S WS 37.6 
| s 15= 20, | OPS 0% 2" 50)).0207-0: 12 1925 WA, BL) te) 
Ry A= 30) 1) Oat ji. ON 7S 20) 0207-0012 18.9 13.8 39.5 
Table VI, Anatomical comparison of subterraneous part of A. subulatus from drier 


and wetter habitat (measuring individual number was 25 in each) 


Root form (Habitat) | S (Drier) | Re or Br (Wetter) | Significancy 

Root diameter mm | 3.9+0. 34 | 4.1+0. 42 _ 
Cortex thickness vp. 250 + 64 780 +133 oe 
Ct.-Q. (Ace oes 3644.6 af 
Diameter of wood parts mm Pao OnoD "py 2e 0), role) + 
Radial number of vessel arrangement 2443.6 20+4.4 + | 
Largest vessel diameter p. 106+29.3 (AST + 
Smallest vessel diameter 14+4.2 14+5.4 = 
Vessel concentration (in 1 mm2) 2345. 4 199.0 a 
Intercellular space in cortex none presence 

Hardness of wood parts hard | little soft 


Significancy of the differences: —none-significant, +significant at 1% level 


latus where the Evigeron plants can hardly invade*. On the other hand, in the 
drier stand just adjoined to the wetter ground, a dense community of Erigeron spp. 
is found. This community is sometimes accompanied by a few individual plants of 
A. subulatus. With regard to the root form” of A. subulatus, it is observed that 
plants of A. swbulatus mixed in the Evigeron community show a straight root form 
(S) in the same manner as in the case of Evigeron spp. but those of A. subulatus 
in its pure community show a reticulate form (Re) or branched root form (Br) 


CPig. 5): 


* According to the survey made on the 6th July, 1953, it was observed that the A. subulatus 
community encountered a flood owing to a long rain for 12 days and that some individuals of the 
accompaning E. sumatrensis and E, canadensis suffered several injuries, for example, the leaves 
were withered and the epidermis of roots were blacked and becoming off. 
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Fig. 5. Showing root form and anatomical features‘of A. subulatus from different habitats. 
A from wetter habitat (in its pure community) shows a reticulate root form, and B from drier 
habitat (accompaning individuals in FE. sumatrensis community) shows a straight form. A’ and 
B’ are cross sections of the roots of A and B respectively at nearly the same parts in diamter. 


1 
55 


A and Bx t) A’ and B’x 

Furthermore, A. sabulatus of the two communities exhibits clear differences in 
the anatomical features of root such as Ct-Q*, the radial number of vessel arrange- 
ments, the diameter of the largest vessels, the diameter of wood parts, the vessel 


* Ct.-Q. (=Cortex thickness-Quotient) represents the percentage of the cortex thickness for 
the root diameter of the same individvals; that is, 


Ct.-Q.= cortex thickness 
Abia’ root radius 


x 100 
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concentration, etc. Moreover, remarkable differences are found in regard to the pre- 


sence of intercellular space in cortex and the hardness of wood parts. 


On the relation between the root form and relative abundance in the plants 


in the treated area, the results as shown in Table VII were obtained. 


Table VII. Root form and relative abundance in the plants in the treated area 
Pa | 
~ Habitat Wetter stand Drier stand 
ee eh ab if i g 
| Species =~ _ | Root form Abundance Root form = Abundance 
— — — — == - —— — | | — — — 
A. subulatus Re (Br) abundant > | seldom present 
E. sumatrensis — — | S very abundant 
E. canadensis _ —_ | S _ abundant 
E. bonariensis — — | S | present 
Summary 


1. The author experimentally ascertained a heterogenous habitat segregation due 
to the soil moisture between Aster subulatus and three species of Erigeron, E. sum- 
atrensis, E. canadensis and E. bonariensis, both of which belong to the same life form 
and growing period. 

2. The main growing range of A. subulatus is usually connected with higher 
soil moisture, but there is found a few individuals of A. subulatus accompaning in 
the community of Evigeron spp. which grows in drier habitat. The root form of 
A. subulatus in the Evigeron community shows a straight root form (S) as well as 
in the three species of Erigeron. On the other hand, the root form of A. subulatus 
in its pure community shows a reticulate form (Re) or branched root form (Br). 

3. As to the anatomical features of root of A. subulatus from both communities, 
the pure communities of Aster and Evigeron, differences are clearly found in 
Ct-Q., presence of intercellular space, largest vessel diamter, etc., and the author 
recognized a homogenous habitat segregation between individuals of A. subulatus. 
Among the plants of Evigeron spp. were not found so notable differences as in 


Aster subulatus. 
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Fukuda and present writer (1952) reported that the osmotic value in soybean 
plants increased gradually as the plants grew and the maximum value appeared at 
the podding or at the ripening season. But the drop of osmotic value and also that 
of transpiration were observed at the beginning of flowering. But we could not 
determine whether the falling of osmotic value at flowering was affected by the ex- 
ternal factor which caused the drop of evaporation as well as transpiration, or by the 
internal factor which directly affects the variation of osmotic value. The factor 
which affects the osmotic variation of plants is the seasonal succession of enviro- 
mental factors! ® and the growth periods? 367, Fukuda’s opinion” is that season 
means for the plant the change of meteorological conditions and periods of growth. 
To analyse these two factors which affect osmotic variation, the present writer used 
soybean plants (Glycine hispida) as before. Two varieties, mid-season and late-season, 
were planted at the same time twice in the year. If in the same growth period of 
two varieties under different meteorological conditions, a similar periodical variation 
of osmotic value appears, the variation may depend on growth period. If, however, 
under similar meteorological conditions periodical variation of osmotic value appears 
similarly in two varieties the variation may depend on the change of meteorological 
conditions. 


Material and Method 


One variety of mid-season “Shakkinnashi” and two of late-season “ Tamanishi- 
ki” and “Tyo,” were used as materials. They were sown in pots as follows: ‘“ Shak- 
kinnashi” and “ Tamanishiki” on May 30, 1952 and “Shakkinnashi” and “Iyo” on 
July 20, 1952. Soil moisture was kept at either 80% (properly moist plot) or 20% 
(drought plot) of saturated water capacity. For the determination of osmotic value, 


the author measured the osmotic pressure of the epidermal cells of the 2nd~15th 
leaves of a plant at incipient plasmolysis in KNO; solution. 


*Problem of physical and physiological dryness. Rep. 16 by Y. Fukuda 
** Shimonoseki Commercial Upper Secondary School —FS87332e5°4.°2%3 
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Experimental Results 


1) Time difference of flowing and podding between two varieties. A) Early 
Summer sowing As denoted in table I, the plants of a moist plot began flowering 
on the 72nd day in the late-season variety and on the 60th day in the mid-season 
one and the difference between the two was 12 days. Podding began on the 66th day 
in the latter and on the 89th day in the former, the difference between the two 
being 23 days. On the other hand, in a drought plot the midseason variety matured 
earlier and the late one later than the one grown in a moist plot. 


Table I. Growth period of soybean plants sown on May 30, 1952 


Moist plot (80%) Drought plot (20%) 

Variety of soy Pag | aes, z . 
ee oe Days before | Days before Difference Days before | Days before Diff. 
| flowering | podding flowering | podding wa 
| Late-season 72 | 89 17 75 89 14 
| Mid-season 60 66 6 54 60 6 
| 

Difference of two 

varieties 12 23 21 29 


B) Mid summer sowing As denoted in table II, the plants sown in mid summer 
matured earlier than those sown in early summer but the relation between the mid- 
season and late-season is similar to that of those sown in early summer. 


Table IJ. Growth period of soybean plants sown on July 20, 1952 


| Moist Plot (80%) Drought plot (20%) 


Days before | Days before 


| = ———— 
| Variety of soybean Days before Days before | 


flowering podding | Difference flowering | podding Difference 
— — - a | - | 
| Late-season 45 | 59 14 53 63 10 | 
Mid-season | 31 37 6 36 | 


| Difference of two é | 
| varieties 14 22 | 


2) Seasonal changes of osmotic value according to growth periodicity. The 
osmotic value of the plants of properly moist plot was indicated by thick lines in 
figs. 1 and 2. The tendency of osmotic variation does not differ according to the 
difference of variety and the time of sowing. It gradually increases as the plants 
grow and attain to the maximum value at ripening. But once before flowering 
there appears a sudden descent of osmotic value which again ascends at podding. 
This periodical variation similarly occurs in two varieties of mid and late-season 


ones although both mature under different meteorological conditions. 
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3) Seasonal changes of osmotic value according to the meteorological condi- 
tions. The osmotic value on the drought plot was indicated by thin lines in figs. 1 
and 2. A growth periodical osmotic variation is observable both in the plants of 
properly moist plot and of drought plot before podding, but in the late period of 
growth, except that of the withered one sown in mid summer, it gradually decreases 


Q Mid-season variety 


Late-season var. 


DROUGHT 


Osmotic value (KNO3 mol.) 
> 
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(=) 


MOIST PLOT 
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Fig. 1. Osmotic value of soybean plants sown in early summer 
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Fig. 2. Osmotic value of soybean plants sown in mid summer 
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Transpiration and Evaporation 


Aug. 5 10 15 20 25 30 Sept.5 1Q 15 20 25 


Fig. 3. Variation of transpiration, evaporation and osmotic value of soybean plants 
(recomputed from original data of 1952) 


and approaches the value of moist plot. This agrees with the result of the former 
report (1952). This gradual decrease in the late period of growth in contrast with 
the former forced ascension of osmotic pressure on a drought plot seems due to the 
osmotic regulation in accordance with the meteorological conditions which becomes 


cooler in autumn. 


Discussion 


When we take the shifting average of six day’s periods of the data in 1952, it 
can be confirmed that the decrease of transpiration accompanied the reduction of 
evaporation as indicated in fig. 3. So that the decrease of transpiration was not 
caused by the coming of flowering season but by the change of meteorological condi- 
tion which also caused the decrease of evaporation. The descent of osmotic value 
which was observed at that time was not the phenomenon corresponding to the 
decrease of transpiration, but one which might happen at the flowering season. 
Spaning® and Suzuki? reported that the plant assimilates rythmically in harmony 
with growth process. Kériba5’ stated that assimilation diminishes in the midst of 
flowering. The present experiments proved that two varieties, mid-season and late- 
season, which have different growth periodicity show similar growth periodical osmotic 
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variation under different meteorological conditions. On drought plots, however, the 
osmotic value excessively ascends during the summer when the transpiration is very 
strong but that excessive ascension releases after podding and gradually it descends. 
The similar phenomenon was also observed formerly”. It may be the seasonal 
osmotic regulation caused by the meteorological changes. In two varieties sown late 
on the drought plot, the osmotic decrease at the flowering seasen passed off well, but 
the following ascent of osmotic value caused the abnormal withering of the plant. 
The withering of the mid-season variety occured in summer when the meteorological 
condition required high osmotic value. But the withering of the late-season variety 
occured in autumn, although the meteorological condition at that time did not require 
high osmotic value even in drought soil. Therefore it seems that the ascension of 
osmotic value which depends on the growth period surpasses the descension which 
ought to occour in accordance with the cooler meteorological condition. 


Conclusion 


Three varieties of soybeans which have different growth periodicity were cultured 
twice in different meteorological seasons, and the author succeeded in analysing the 
seasonal osmotic variation of soybean plants into two periodical factors, the growth 
periodicity and climatic one. According to the growth periodicity, osmostic value 
gradually increases as the plant grows, but during the growth period it descends 
once at flowering and ascends again at podding although such variation delays when 
the process of growth retards. The excessive ascension of osmotic value on drought 
plots in summer when transpiration is strong and the release of ascension of it in 
autumn when transpiration becomes weak may be due to the climatic periodicity. 
And this climatic factor can only effect secondarily to the seasonal osmotic variation 
and the growth periodicity dominate it. 


References 


1. Fukuda, Y. Jour. Sci. Hiroshima Univ. Ser. B, Div. 2 6:127(1952) 2. Fukuda, Y. & S, Kaku. 
Bot. Mag. Tokyo 65: 267 (1952) 3. Horie, K. Bot. Mag. Tokyo 63:183 (1950) 4. Jimbo, T. 
Ecol. Rev. (Japanese) 2: 231 (1936) 5. Kériba, H. Plant physiology and ecology (Japanese) 160 
(1953) 6. Kramer, P. J. Plant and soil water relationships 278 (1949) 7. Kramer, P. J. & 
Currier, H.B. Ann. Rev. Pl. physiology 1: 269 (1950) 8. Spaning, M. Jahrb. f. wiss. Bot. 89: 
574 (4941) indirectly cited through (5) 9. Suzuki, N. Biol. Sci. (Tokyo) (Japanese) 5:17 (1953) 


Cytological and Morphological Studies on the 
Gametophytes of Ferns IX 
The Polar Plasmolysis on Fern-prothallium (1)* 


by Isami IGuRA** 


PRPS: =H RIRORUR AIC ESS 2 MRASIEIC ORES AOTE IX 
RMI AO AMER A SBE (1) 


Received February 2, 1955 


The cyto-physiological studies on the fern-prothallia have been carried out by 
Gratzy-Wardengg® and by Reuter!®. These authors determined the osmotic values 
(limit concentrations of the plasmolytica) of saccharose or glucose in some species 
of fern-prothallia which were cultured under certain external conditions and con- 
firmed the existence of gradients of the osmotic values in the case of prothallium. 
Orth!” made the morphological and physiological researches on the fern-prothallia 
but not on the plasmolyses of these prothallial cells. Besides the investigations on 
the prothallia, Esterak®) researched that the leaves of Elodea canadensis showed the 
“ Grundgradienten” which is caused by the physical and chemical conditions and re- 
ported also in reference to the prothallium-gradient. In the Helodea-leaves fixed 
with 70% alcohol, Drawert” recognized that they revealed the existence of gradients 
in stainability and the correlation between the isoelectric point of the different por- 
tions of the cells and the degrees of differentiations of them. Yamaha and 
Negoro~28) studied the osmotic phenomena on Oscillatoria princeps and reported 
the action of several plasmolytica on the plasmolysis. Recently, the differential 
plasmolysis in the eggs of Coccophola and Sargassum or the plasmolytic polarity in 
Cladophola was investigated by Nakazawal> 18), 

In this study the author intended to determine the existence of different osmotic 
value and the isotonic or the permeability coefficient also according to the portion 
of the adult prothallium which was not cleared by any other investigators of the 
fern-prothallia. With respect to the phenomenon of plasmolysis such as its form, 
duration, and deplasmolysis which appeared in the cells of the whole prothallium or 
in a single prothallial cell, new data were found, so they will be described in the 


following. 


* a) The summary of this study was reported at the 19th annual meeting of the Botanical 
Society of Japan held on the 26th to 28th October, 1954 at Kyoto University. 2) The expences 
for the present study were partly paid by the Grant in Aid for the Micellaneous Scientific Research 


from the Ministry of Education. 
** Biological Institute, Faculty of Education, Yamagata University WBAKZA BSE pas. 
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Materials and Methods 


The prothallia of Pteridophyta used in the present study, were the following 
species belonged to Polypodiaceae: Asplenium incisum Thunberg, Leptogramma totta 
J. Smith, Leptorumohra Miqueliana H. Ito, and Thelypteris japonica Ching. The 
spores were sown on the sphagnum and a piece of unglazed pot in the Petri-dishes 
which were sterilized on December, 1952. These Petri-dishes were kept in the ther- 
mostat at 22°C and were able to receive the light normally inthe room. The spores 
germinated in from eight days to two weeks culture and developed into the prothal- 
lia. In most cases the adnlt prothallia were used. As the plasmolytica, the follow- 
ing reagents were employed: nonoelectrolytes (ethyl alcohol, glucose, glycerin, sac- 
charose, and urea) and electorolytes (AICl,, CaClz, KCl, KNO3, MgCl, NaCl, NasSO,, 
NH,Cl, HCl, and Cs;HsgO7*H,O). These reagents were applied as mol.-solutions at 
intervals of 0.1 or 0.02 M dissolved in the redistilled water and the solutions were 
reserved in the hard glass bottles. The slide- and the.cover-glasses were immersed 
in the solution of the chrom-sulphuric acid for about twenty-four hours and washed 
in the running water for about the same time. The most preparations were made 
by the following method. The paraffin was set at the both sides of a drop of the 
plasmolyticum in which the prothallia were dipped and the cover-glass was put on 
the drop and the paraffin, and then the border of the cover-glass was sealed with 
the paraffin. By means of this method 
the concentration of the plasmolyticum 
on the slide-glass was kept constantly 
for a long time during the observation. 
The prothallium was taken care of to 
prevent its injury when it was treated. 
Thus, the preparations were investi- 
gated under the ordinary microscope 
or the phase contrast one. 


Experimental Results 


The prothallia of four species used 
passed the filamentous protonema 


stages and developed into the heart- 


Fig. 1. The outlines of the morphological shaped forms respectively, each of 


features of the adult prothallia employed in the 
experiment. (x ca. 10). The prothallial cell, 
the archegonium, the antheridium, and the 


which consists of the symmetrical 
wings, the apical notch (meristem), 


rhizoid are not shown. m, meristem; mr, 
midrib; w, wing; g, glandular hair; p, pro- 


tonema., a, Asplenium incisum Thunberg; b, ~ 


Leptogramma totta J. Smith; c, Leptorumohra 
Miqueliana H. Ito; d, Thelypteris japonica 
Ching. 


the protonema, and the rhizoid, and 
the prothallia of Leptorumohra Mique- 
liana H. Ito and Thelypteris japonica 
Ching possess the glandular hairs 
(papillae) on the border and the sur- 
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face of the prothallial cells here and there (Figs. 1 a; b, c, d)9% 1-12.13, 44, 19), 

In this study it is considered to be pertinent to distinguish the surface area of 
the prothallium into several regions according to the stage of development and 
growth of the prothallial cells and to classify it into six regions, viz. Region I, II, 
I TV, V, and VI Cis. 2 a), though Gratzy-Wardenge® and Reuter!® had disting- 


m 4 v4 
Pp 
b2 
bp we US 
b3 


p 


Fig. 2. The schematic views which indicate six regions and the 
orientations of three polarities marked with allows. a, whole surface 
area in the prothallium; b, single prothallial cell; m, apical pole; p, . 
basal pole ; <- x —, longitudinal polarity ;<-e-, radial polarity; «-a—, 
tangential polarity. The lines which divided the regions were drawn 
generally according to the orientation of the row of the prothallial cell. 


uished five zones. Moreover, the author considered the existence of the polarities 
in the whole prothallium or within a single cell, too. This polarity seems to be 
caused by the difference of the stage of development and growth of the prothallial 
cell and is found in the following three directions: 1) Longitudinal (“ medial” of 
Reuter), 2) Tangential, 3) Radial. Judging from the present experiments, the author 
corroborated that this fact was reasonable as Reuter! stated. At the longitudinal 
polarity the author tentatively the name of a basal pole (protonema-pole) and an 

sidered by the author provisionally 


apical pole (meristem-pole) to the 
ef - (Figs. 2 by by, by). 


Fig. 3. The forms of plasmolysis of a single The forms of plasmolyses of 


prothallial cell (x 250). To the portion of the ; : 
cytoplasm the oblique lines were added. a. A-type; the prothallial cells are classified 
bi—b3, B-type; c1—cs, C-type. into three types. The first case 


portion of the protonema and the 
meristem (growing point in the 
apical) respectively (Fig. 2 a), and 
the cells of the former are old, 
whereas those of the latter are 
young. In a single cell also two 
poles above-mentioned were con- 
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is the one which the cytoplasm shrinks in a round shape (that is, convex type), in 
other words, the plasmolysis gets to the maximum state and this is called A-type 
by the writer, secondarily, the cytoplasm separates from the membrane merely in 
the convex state and this is B-type, and thirdly the shrinkage of the cytoplasm is 
concave or irregular state and this is C-type (Fig. 3). 

The experimental results will be reported in the following five contents: I) The 
from of plasmolysis, 2) The duration of plasmolysis (plasmolysis time), 3) The 
osmotic value, the isotonic and the permeability coefficient, 4) The permeability— 
The deplasmolysis, 5) Behaviour of the plastid. 


The form of plasmolysis 


The form of plasmolysis of the prothallial cell is different according to the region 
and this difference is distinct at the longitudinal polarity within the whole field of 
the prothallium. The extracts of the results are given in the following Table I. 


Table 1. The form of plasmolysis at each region in the whole field of the prothallium 


| | | Regions 
| Times 


Plasmo- ¢ | Tit ¥ — des 
lytica B | aes Heavier I II Il IV V VI a eee 
| | 0.30 | 20 | +B 4p) 1 25 = - 
| ailo.ss| 15 2” WA Sane oe =) a7 acme 
O62) 690 |) Sea +A FBC YRC SEC +CB 
Oo)" 8 7 fees eee = = = < 
|e 30 1B 228 = 4 = a 
‘Se 0.40; 30 | 4B 2B $48 £428 ie = Stee 
0.86 | 20 4 CG CB, . 4B +B +48 
| Z 
g 0.22] 20 ze 2 & = ~ - 
: as 0. 34 5* | +4++B +++B = _ _ es d 
3 ” 10 +B 2B 2-2eCs se zs pe a 
0.58 20 4+BC) 14+-BC 4BCo a°4ECHbaBe =e 
0.38 | .5* | 448 a 2 = = 2 
” z +4B +48 = a = = 
eit ul +B +B +4+B — = Se . bd: 
» | 45 +B 2B epee Z mn fe a 
" 30 +BA +BA +BA ++4BA as = 
1.00) 20 +BC +BC  +BC =BC8 SEBO 22 nc 
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n | | - = = - = = 
Plasmo- 5 | _ lime Regions 
hye |) | Mol. | (mins. ) | a a a ; = Remarks 
an _ Gafter) I II I IV Vv VI 
estate Wie : ate cee we < 
0.30. 3 +B Ep +B ++B = = 
Ard 10 +B +B +B +B = = 11-5; 17°, 8°.5C 
” 25 +BA +BA +B +B ++B =. 
0.16] 20 +B +B ++B & = = II-13; 19°, 10°C 
0. 32 2s +B +B _— = = = TE15;-) 152, 92°C 
[Tj | # 10 +B +B +B +483 es = ” 
” 20 +B +B +B ++B +++B = " 
» | 30 | +B +B +B 25) 2B = " 
| | = = —_ —_ 7 th. 
CaCly 0.12 10 228° “LER es z. = - 
0. 30 4*|/44+4B 44483 = = _ = 
Tide a 10 +BC +BC. BC 1-248 2a = IlI-6; 18°.5, 10°C 
” 30 +BC SHG Ae EBC +BC = 
0. 40 20 +B +B +B +B ++B = 
0. 20 10 | ++B ++B = = = = 
” 20 +B +B =e 228 = - 
. is (e) 
ce ar fe eR oe AR. = 2. es II-20; 19°.5, 12°C 
” 15 +A +A SAB AB ++B ze 
0. 42 15 ++B +4B a5 = = _ 122; 18°, 14°C 
a; | 1-00 4 +B +B _ = = = M27) 152 14° 
" 7 +B +B Bo ees = = " 
” 10 +A +A +AB +AB +BA +++BC " 
| 0.30] 15 — _ - — — — 
Tj | 0.40 16 +B oko ee Be = = III-6; 18°5, 10°C 
Urea | | 0.70 20 +A A +AB TAS EBA fa Be 
0. 38 15 +BC +BC BC PBC = = 
0. 60 1 ee Be eB ps = = = 
" 15 +BA +B ee eRe he Boe 
” 30 +A +A  -+AB BC Be = 
0.90 15 +BA +BA +B ams) +B ++B 
0:30 10 +B +B +B +B ++B ae 
25 +B +B +B aa) LG. ome 
Ai | 0.40 0.5 +B +B +B +B = 2s T1l=12; 9°. 5, 12°C 
" i +BA +BA PBA es Be use eB ey 
KCl 1.00 5 +B +B +B ep 8a e. ee 
0.18 g* eee, = eB as = = £9 
Tj | 0.26 10 +B +B +B ++4+B = = III-15; 16°, 11°. 5C 
0. 36 17 +A oo 8 +B Aen 
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Plasmo- 3 Mol. aa : =’ eS Remarks 
lytica | (after) I I U1 IV V VI : 
r 0.16 7*|}4+++4+B 4++B — = = = 
Beeler 17 +4B +4B +448 = aa = III-16; 162, 11°.5C 
0. 60 6 +BA +BA eB +B +B See 
KNO3 = 
0,22 15 +B +B ++B _— — — 
Tj | 0.36 8 +BA +BA 2B ete 4528 = 111-17; 17°.5, 11°C 
” 30 +A aA +A pA +A +A 
0.46 9x|444B +44+4B ++4+8B = = = 
Ail 20 +B +B +B ++B = — WAV MLS 
| 0. 68 15 +B +B -BC 4£4BC +458 _ 
Glucos2 ; 7 
| 0.40 13 fe =p = eve = ams = ha 
Ti | 0,68 15 LBC Ww ese 2BG. C4 “ec asstes Meee ee 
Gly- 0.90 7 +B +B [B45 +28 £248 uae 
cerin | 0. 30 60 = == = = = = IV-20; 14°, 13°C 
0.30 7 | S248 22468 = xa = = 
AIC, 0.34 30 +B +B ++B = = = IV-30; 17°.5, 16°C 
1.00 5 £2BC 4+4BC .44BC 2280 42RC 42286 
0.32 12 | £248 +B = es eo = 
MeCly 0.52 5 +B +B £B -)4£+B) 248° = V-7;.17°, 16°C 
may | 100 8 +A LA +A +AB +B +BC 
0. 60 10 +B +B "S4P £235 = at 
Na2SO4 ” 20 A A AR 228 202 B = V-11; 15°,14°C 
0.90 10 +A A -BA GEE - 248 es 
0. 30 6 LEB. “228 £2E8 = = ie 
NHC! 1.00 5 3} BA) sp BA coe Ea CE +BC +Bc | V-15; 16°, 15°.5C 
rien 0.05 
Ethyl or = = = ca ‘Ss * WEN ROS UC 
alcohol 0.1-1.0 V-18; 19°, 18°C 


Foot-note: 1) Ai Asplenium incisum Thunberg, Tj Thelypteris japonica 
Ching, Lt Leptogramma totta J. Smith, Lm Leptorumohra Miqueliana H. Ito. 
2) In the column of Remarks, the date, the room- and water-temperature 
were represented respectively, e.g. I-27 means the 27th, January. 3) Marks 
+, +, and — show the degrees of the plasmolysis, and + perfect or almost 


perfect, == slight; 4-4, 


when the incipient pl 


-+-+ very slight, and — negative. 
asmolysis occurs. 


4) * The time 


(to be continued) 


Electron-microscopical Study on Fine Structures of 
Diatom Frustules XIII 


by Haruo OkUNO* 
Pa BF a8 WE: RS WAPAGAIC Lk APE RCCMBEO OEE CXII 
Received December 8, 1954 


Coscinodiscus concinnus W. Smith (Text figs. 1, 2-A, 3; Pl. I, figs. 1-6), Synop. 
Brit. Diat. 2, p. 85 (1856); A. Schmidt, Atlas, pl. 114, figs. 8, 9 (1886); Hustedt, Kie- 
selalg. 1, p. 441, figs. 241-242 (1930); Mills, Index Diat. p. 463 (1933); Cupp, Bull. 
Scrips Inst. Ocean. 5, p. 58, fig. 22 (1943); Cleve-Euler, K. V. A. Handl. 2, no. 1, p. 68, 
figs. 108 a-f (1951). 

L. M.S. Frustules drum-shaped, 200-380 (150-500) » in diameter, with convex, 
in the center sometimes slightly depressed, valve surface (Text fig. 1). Pervalvar 
axis about 200-330y long, girdle about 50-90 
high. Valves in dry preparation bright brow- 
nish yellow. In our specimens, central rosette 
distinct (PI. I, fig. 1). Frustule pores arrang- 
ed in radiating and secondary spiral rows, 


4 9-10 in 10y, decreasing to 12 at the margin. 


Radiating hyaline lines and marginal spinulae 
Text fig. 1. Two types of frustules 


of Coscinodiscus concinnus. A, Frustule distinct, about 1 in 104. Two small asymmet- 
with depressed valve-center. B, Frustule rical processes present. 

aaa ei oe retve ceeier- Preparation: Direct preparation without 
thermal or chemical treatment. 

E.M.S2 Frustule pores in the valve surface are loculi. The loculus regular or 
scalene hexagonal (one side about 0.4-0.6% long), with outer sieve, inner closing, and 
lateral membranes (Text figs. 2-A, 3). The sieve membrane (sm), except on its 
margin has many sieve pores (sp). Sieve pores about 10-13 in 1p, triangular to 
polygonal with irregularly serrate borders, and arranged in somewhat concentrical 
rows. The inner closing membrane (cm) is very thin (somewhat penetrable to the 
electron beam) and has a central round opening (0) about 0.4-0.55~ in diameter. 
The inner border of the closing membrane is electron-optically a little thicker than 
the other part. The lateral membrane (/m) is about 0.2-0.5u high, six-sided, each 


* Botanical Laboratory, Kyoto University of Industrial Arts and Textile Fibers, Kamiky6oku, 
Kyoto. 3 AUT SE RHER ESB he OT CS 
1) L.M.S.: Light-microscopic structure 

2) E.M.S.: Electron-microscopic structure 
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Text fig. 2. Diagramatic representation of loculi of Coscimodiscus concinnus (A), and 
Stephanopyxis palmeviana (B). 1, View from obliquely above. II, Longitudinal (pervalvar) 
section. cm, Closing membrane. Im, Lateral membrane. 0, Opening of closing membrane. pp, 
Pass pore. psp, Partition of secondary sieve pore. sm, Sieve membrane, sp, Sieve pore. ssp, Secon- 
dary sieve pore. tm, Thickening of sieve membrane. 


lm cm sm sp Im 
VN. \ / f 


ti f 


Text fig. 3. Coscimodiscus concinnus, A, A’, Same portion of a broken valve (A, Light 
print. A’, Dark print). B, Central part of valve. cm, Closing membrane (nner membrane). cy, 
Central rosette. Im, Lateral membrane. 0, Opening of closing membrane. pp, Pass pore, sm, 
sieve membrane (outer membrane). sp, Sieve pore. (Electron micrographs. Scales: 1p) 
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side with an angular pass pore (fp) about 0.1-0.2 broad, through which the neigh- 
bouring loculi communicate with each other. 

Loculi in the girdle are about 18-20 and 20-22 in 10 respectively in longitudinal 
and oblique rows. Loculi hexagonal, with outer and inner round opening respectively 
about 0.2-0.254 and 0.15-0.2 in diameter. The outer opening of the loculus lacks the 
closing sieve membrane. 

Habitat: Marine, planktonic. Osaka Bay (Off the coast of Kariya, Awaji Island). 
(Okuno, No. m863. Aug. 1953). 

Stephanopyxis palmeriana (Greville) Grunow (Text fig. 2-B; Pl. Il, figs. La-e), 
Okuno, Bot. Mag. Tokyo, 68, p. 97, pl. 1, fig. 1’ (1950); Cupp, Bull. Scrips Inst. Ocean. 
5, p, 40, fig. 4 (1943). 

Preparation: Direct and formval preparations without thermal or chemical 
treatment. 

In my paper (1950) listed above, I reported some electron-microscopic structure 
of the porous sieve membrane of the present species. By my recent research, further 
details of fine structure of the loculus were revealed under the electron microscope. 
Here the new details in addition to the general structure will be presented. Loculi 
are large in the valve, small in the mantle, and smallest near the girdle line, respec- 
tively about 1.5-3, 4-5, 5-6 in 10m. Loculi usually hexagonal, at the girdle line ex- 
ceptionally pentagonal, all opening outwards® almost freely, and closing inwards by 
finely porous sieve membranes (Text fig. 2-B; Pl. IJ, fig. ld). The outer closing 
membrane (cm) of the loculus marginal and narrow; in the center of the valve 
surface it is remarkably reduced in breadth and indistinct CPI. II, fig. 1b). The 
central opening (0) of the outer closing membrane usually round to elliptic; in the 
valve surface it is large and nearly polygonal. The lateral membrane (/m) of the 
loculus very thin, not porous, and about 0.4-0.54 high. The inner sieve membrane 
(sm) has netveined rectangular, rarely polygonal thickenings (tm). The thickenings 
or the meshes in the whole mantle are arranged in common longitudinal parallel 
rows about 4-5 in 10y, and in the whole valve surface they are arranged in common 
radiating rows about 4-5 in 10u. Both in valve and mantle, the arrangement of 
thickenings or meshes is quite independent of that of the loculi. A mesh, in its 
center, has a round to elliptic sieve pore (sp) about 50-100my in diameter, which is 
divided by a delicate partition (psp) into two semicircular secondary sieve pores 
(ssp). In the mantle, many of the partitions are parallel to the pervalvar axis, and in 
the valve, usually parallel to the radius of the valve. At the girdle line (gl), each 
of the sieve membranes of about every second to fourth loculi has a linear stigma 
about 700m long and about 100mp broad (PI. I, fig. le-st). Spines at the valve 
margin are hollow, and their walls are electron-optically non-porous (PI. I, fig. Ic). 

Habitat: Marine, planktonic. 39°N; 153°E. (Okuno, No. m 977-8. Nov. 1952. 
Collected by R. Marumo.) 
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Stephanopyxis nipponica Gran and Yendo? (Pl. UH, figs. 2a, b) 
This species differs from St. palmeriana mainly in its smaller, oblong or sub- 
spherical frustules, but electron-optically is almost the same in the structure of loculi 
as’ St. palmeriana. In the. present electron-microscopy, the netveined thickenings of 
sieve membranes and the partitions in sieve pores were not found. Stigma of the 
loculus at the girdle line is papillar, quite different in shape from that of the previous 
species. Spines at. the valve margin are hollow, and their walls are non-porous as in 
the previous species. ; 
Habitat: Marine, planktonic. 50°54’N ; 178°53’ W. (Okuno, No. m698. May, 1952). 
41°58/N; 145°40/E. (Okuno, No. m975-6:. Jan. 1954). (Collected by R. Marumo). 
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Figs. la-e, Stephanopyxis palmeriana. la, Girdle view. 1b, Central part of valve. lc, Spines. 
1d, Portion of mantle. le, Loculus with stigma (sf) near the girdle line (gl). 2a, b, St. nipponica. 
2a, Girdle view. 2b, Portion of valve; note left side where broken loculi Opening outwards are 
demonstrated. cm, Closing membrane. &/, Girdle line. Im, Lateral membrane. sm, Sieve mem- 
brane. (la, 2a, Light micrographs. Scales: 10u. lb-e, 2b, Electron micrographs. Scales: 1p...) 
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Studien tiber Anthocyane, XXVI” 
Uber den Farbstoff der Bliiten von Lespedeza Thunbergii* 


Von Kozo HAYASHI, Tatsuo NOGUCHI und Yukihide ABE** 


eS HORA MMe: Ty b FT vy OZER), sv 7 ~¥OTEO HK 
Eingegangen am 4, Marz 1955 


Die strauchartigen Gewachse von Lespedeza, einer Gattung von Leguminosen, 
stellen wegen ihres graziésen Wuchses und der bliitenreichen, nickenden, weissen oder 
rosa- bis purpurrotfarbigen Rispen eine bewunderte Zierde der herbstlichen Landschaft 
in Japan dar. Unter diesen hat Lespedeza Thunbergii NaKati violettrote Bliiten. 

Um der chemischen Natur des Bliitenfarbstoffs dieser Pflanze naher zu treten, 
haben wir uns mit Versuchen zu dessen Darstellung und Konstitutionsermittlung be- 
schaftigt. Bei der Aufarbeitung der frischen Bltiten sind. wir auf nicht mindere 
Schwierigkeiten gestossen, da der Farbstoff von -tiberschtissigem Bleiacetat leicht an- 
gegriffen wurde. Nach mehreren vergeblichen Versuchen ist es aber uns erst gegltickt, 
den Farbstoff in prachtig krystallisiertem Zustand’ zu isolieren. An Hand. dieses 
Praparates wurden chemische Analysen erfolgreich durchgefiihrt. Die Ergebnisse 
sprachen dafur, dass der Farbstoff als Malvin (Malvidin-3.5-diglucosid) anzusprechen 


Cl ist. Hierbei hat die papierchromatographische Technik 
O Wa OCH ebenfalls eine gute Dienste geleistet. 
Bape Rao Vor zwei Jahren haben wir” auf papierchromato- 
| " ; q ; 
OCH3 raphischem Wege gezeigt, dass das Malvin den 
NANZN0.C6H1105 jhe 2 x F 
NG 11,0 Hauptfarbstoff der Bltiten von Lespedeza bicolor 
*CeH105 
Tuuns. var japonicum Nakai und von L. floribunda 


Malvinchlorid 
, Bunce darstellt, und ferner dass dasselbe in Form 


einer farblosen Vorstufe in den weissen Bltiten von L. japonica Baitry vorkommt. 
Dieser Befund hat unser reges Interesse fiir die Erforschung des Bltitenfarbstoffs der 
anderen Lespedeza-Arten im Hinblick auf der biogenetischen Beziehung zwischen dem 


Anthocyanin und dessen Leukokorper geweckt. 


Beschreibung der Versuche 


Wenn man zur Darstellung des Anthocyanins aus Bluten frisches Material be- 
nutzen will, so ist es im allgemeinen vorteilhaft, den Farbstoff zunachst in Form siener 


* Mitteilung aus dem Nationalen Institut fiir Genetik, Nr. 109 

** National Institute of Genetics, Mishima 

1) XXV. Mitteil.: Bot. Mag. Tokyo, 68, 51 (1955) 

2) Hayashi, K. u. Abe, Y.: Misc. Rep. Res. Inst. Nat. Resour., 29, 4 (1953) 


130 fi im % Me BE 68 wy HF 802 & Haw 30 4E 4 A 


Bleiverbindung anzureichern, um damit die mthsame Entfernung von Wasser um- 
gehen zu koénnen. Bei der Aufarbeitung der Lespedeza-Bliiten hat sich jedoch diese 
Methode als nur schwer anwendbar erwiesen, da das tiberschiissige Bleiacetat auf das 
Anthocyan zerstérend wirkte. In einem einzigen Fall hat es uns wohl gegluckt, den 
Farbstoff zu gewinnen, aber die Anwendung von Bleiacetat muss in diesem Falle 
moglichst vermeidet werden, und das Material sollte entweder mit uberschtssigem 
Extraktionsmittel behandelt, oder sonst im Vakuum méglichst schnell entwassert 
werden. 

a) Isolicrung des Anthocyanins iiber eine Bleiverbindung. 220g frische Bluten, 
die von griinen Teilen befreit waren, wurden in 450ccm kalter, 1-proz. methano- 
lischer Salzsaure hineingetan, und darin tiber Nacht gehalten. Durch Pressfiltration 
wurden 480ccm roter Auszug gewonnen, zu denen unter gutem Umruhren 160ccm 
20-proz. methanolische Bleiacetatlésung hinzugefiigt wurden. Der entstandene Nie- 
derschlag farbte sich hell blaulich grau und schien- im grossen und ganzen aus 
farbarmen Begleitstoffen zu bestehen, da er durch Behandlung mit methanolischer 
Salzsaure in eine wasserunlésliche, rotbraune, gelatinodse Masse uberging. 

In die Mutterlauge, die von der obigen Bleisalzfailung befreit war, fugte man 
25 ccm konz. Ammoniak in mehreren Portionen hinzu. Dabei fiel die grtine Bleiver- 
bindung weiter aus, die sofort abgenutscht und getrocknet wurde. Ausbeute 4g. Sie 
wurde fein pulverisiert, und mit 20ccm 6-proz. methanolischer Salzsaure ins Chlorid 
zuriickverwandelt. Beim Verdiinnen der Anthocyanlésung mit gereinigtem Ather bis 
zur beginnenden Trubung begann das Anthocyaninchlorid sofort in Form yon langen 
Nadeln sich auszuscheiden. Nach einigen Stunden war die Abscheidung beedigt und 
die Mutterlauge wurde beinahe farblos. 
Die Krystalll bestanden aus abgeschnit- 
tenen, rotbraunen Nadeln mit einem Stich 
ins Violett (Fig. 1). In massivem Zustand 
sahen sie schokoladenfarbig aus und 
zeichneten sich durch einen grtinlichen 
Goldglanz aus. Diese Substanz wog nur 
120 mg in lufttrockenem Zustand. 


b) Isolierung des Anthocyanins ohne 
Anwendung von Bleiacetat. Zur Aufar- 
beitung der frischen Bliiten in kleinerem 
Massstab hat sich folgendes Verfahren als giinstig erwiesen. Zum Beispiel wurden 


Fig. 1. Malvinchlorid. (x ca. 200) 


etwa 40g der Bluten mit 100 ccm 2-proz..methanolischer Salzsiure extrahiert, und 
der klar filtrierte Extrakt wurde mit reichlichem Ather gemischt. Der ausgefallte 
Farbstoff wurde abgesondert und mit 20ccm 1-proz. athanolischer Salzsaure unter 
Erwarmen extrahiert, wobei der Hauptanteil unléslich zuriickblieb. Aus diesem A\l- 
koholextrakt wurde das Anthocyanin wieder mit einer grossen Menge von Ather 
gefallt, die Fallung in 7ccm kaltgesattigter Pikrinsaurelosung unter gelinder Erwir- 
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mung aufgelost und dann im Kihlschrank aufbewahrt. Bald trat das Pikrat als 
kugelformige Nadelageregate in Erscheinung. Die Umwandlung von Pikrat ins Chlorid 
wurde wie ublich durch Behandlung mit 8-proz. methanolischer Salzsiure bewerkstel- 
ligt. Nach dem Fallen mit Ather und durch Umilésen aus Salzsiure wurde das 
Anthocyanin rein erhalten. 

Beschreibung und Charakterisieruug des Anthocyanins. Das Glykosid liess sich 
aus 7-proz. Salzsaure sehr leicht in langen, purpurroten Nadeln abscheiden, die in 
massivem Zustand dunkel schokoladenfarbig aussahen, und einen schénen kafergriinen 
Glanz besassen. Die lufttrockene Substanz schmolz bei 185-6° unter gelindem Auf- 
brausen, wahrend sie bei recht langsamer Temperaturerhéhung von ca. 180° an zu 
verkohlen anfing, aber unterhalb 250° nicht zum Aufbrausen kam. Die Verteilungszahl 
zwischen 0.5-proz. Salzsaure und zsoAmylalkohol wurde als 1.3 gefunden; demnach 
verhielt sich der Farbstoff normal diglykosidisch. Wir sind dazu geneigt, ihn in die 
Delphinidingruppe einzureihen, da er deutlich ein ftir diese Gruppe charakteristisches 
Absorptionsband 345my aufwies. Dass dieser Farbstoff methoxylhaltig ist, wurde 
durch seine negative Reaktion mit Eisenchlorid hingewiesen. In der Tat konnten 
wir nach ZEIsEL-PREGL zwei Methoxylgruppen nachweisen. Die tibrigen qualitativen 
Reaktionen sind in der unten stehenden Tabelle zusammengestellt. Allem Anschein 
nach ist das Anthocyanin der Lespedeza-Bluten mit Malvin identisch, was auch aus 
den folgenden Analysendaten hervorgeht. 


Krystallwasser-Bestimmung : 
Sbst. Clufttrocken) 21.1 mg: Gew.-Verl. 3.6 mg (104°, P,Os, 4 mm Hg), 
3s 4.70 7 ” 0.82 ” ( ” ): 
Malvin, CogH35017-8H20. Ber. H»,O 17.25. 
Gel Lela iA: 
C-H-Bestimmung : 
Sbst. Cwasserfrei) 3.347 mg: CO» 6.195 mg, H,O 1.534 mg, 
x PENG ls), mrad oe G7 © tl.026. s,,.< 
Malvin, CogH35017Cl. Ber. C 50.40, H 5.07. 
Gef. ,, 50.48, 50.76, ,, 5.09, 4.94. 
Methoxyl-Bestimmung : 
Sbst. Cwasserfrei) 4.23 mg: AgJ 2.58 mg, 


ae SL) eee Mee UU mys ke 
Malvin, Co7Hg015C1(OCH3 )po. Ber. OCE3 8.97. 
(CxS By 8.06, 8.94. 


Quantitative Hydrolyse des Glykosids. Wegen der sparlichen Materialmenge war 
eine Wiederholung des Versuchs nicht méglich. Aus dem einzigen Versuch ging aber 
bereits hervor, dass dieses Anthocyanin zwei Molekiile von Glucose enthalt. Hierbei 
wurden 17.5 mg von krystallisiertem Glucosid (im Vak. bei 105° tb. P,O; getrockn.) 
durch kurzes Verkochen (3 Min.) mit 2.5ccm 20-proz. Salzsaure hydrolysiert. Das 
gebildete Aglykon fiel sogleich in glanzenden Nadeln vollkommen aus, und die uber- 
stehende Fliissigkeit war praktisch farblos. Wasserfrei abgewogen, betrug die Aus- 


beute an zuckerfreiem Farbstoff 9.4 mg. 
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Die saure Mutterfliissigkeit wurde mit ein wenig Wasser verdunnt und mit einer 
kleinen Menge von zsoAmylalkohol, dann mit Ather gewaschen. Die Atherschicht 
hinterliess nach dem Abdampfen keinen Riickstand, sodass der ursprungliche Farb- 
stoff mit keiner organischen Sauren verestert war. Darauf wurde die salzsaure 
Zuckerlésung mit Soda bis zur schwach sauren Reaktion abgestumpft, und ohne 
weiteres zur Zuckerbestimmung nach BERTRAND verwendet. Zudiesem Zweck haben 
wir vorlaufig solche Kupferoxydulmengen experimentell bestimmt, die den verschie- 
denen Mengen von Glucose (6.5, 7.0, 7.5 and 8.0 mg) entsprachen. Unter Benutzung 
dieser Vergleichsdaten wurde die Menge des vom Anthocyanin abgespaltenen Zuckers 
als 7.6 mg ermittelt. Demnach verlauft die hydrolytische Spaltug zahlenmassig nach 


der Gleichung : 


CogH350j7Cl + 2H2O = Cy7Hys50;Cl + 2 CgHi20¢. 


(Malvin) (Malvidin) (Glucose ) 
Ber. Bec; 51.8 %. 
Gets Deis 43.4 %. 


Dass der Zucker Glucose ist, wurde hauptsachlich durch folgende Reaktionen 
bestatigt, die an Hand einer anderen Restl6sung der Hydrolyse angestellt wurden. 
Eine Reihe von Farbenreaktionen, namlich ftir Pentose nach Brat, fur Methylpentose 
nach RosENTHALER, und ftir Ketohexose nach SeLiwanorr, fielen negativ aus. Das 
Zuckerosazon krystallisierte sofort und mit ganz einheitlichem Aussehen unterm 
Mikroskop aus der neutralisierten Hydrolyseflussikeit aus; es bildete in Btindel ver- 
elnigte, gelbe Nadeln, die fiir Glucosazon charakteristisch sind. 

Zuckerfreier Farbstoff (Malvidinchlorid). Bei der Hydrolyse mittels 20-proz. 
Salzesaure schied sich das Aglykon in htibschen, rotbraunen Nadeln quantitativ aus. 


Farbenreaktionen des Lespedeza-Farbstoffs 


Anthocyanin Anthocyanidin Malvidin 


(Malvin) (Malvidin) (authentisches) 

Athanolische Losung purpurrot violettrot violettrot 
mit FeCl3 (alk.) unverandert unverandert unverandert 
» NaOH ag. azurblau azurblau azurblau 
» KeCO3 aq. blau blau blau 
» NaHCOs3 aq. = 5 ” 
» CH3COONa aq. violett blauviolett blauviolett 
» (CH3COO)2Mg (alk.) violett blau (-violett) blau (-violett) 
» (CH3COO)2Pb aq. blauer Nd. blauer Nd. blauer Nd. 
» AIK(CSO4)> aq. unverandert unverandert unverandert 
Fehlingsche Losung 

in der Kalte nicht reduz. nicht reduz. nicht reduz. 

in der Warme reduziert reduziert reduziert 
Pikrat fadenformig Nadeln Nadeln 
Hauptabsorptionsbanden 

(in Athanol) 540, 345 mp 556, 345 my. 556, 345 my 
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Die Substanz liess sich am besten umkrystallisieren durch Auflésen in kleinster Menge 
Athanol und Vermischen mit etwa 2/3 Volumen 10-proz. Salzsaure. Wie aus der 
Tabelle ersichtlich ist, stimmte das Anthocyanidin mit dem authentischen Malvidin 
in aller Hinsicht tiberein. Unterhalb 300° schmolz die Substanz nicht. Zur Analyse 
benutzten wir das aus der siedenden 20-proz. Salzsdure auskrystallisierte Chlorid. 


Krystallwasser-Bestimmung : 
Sbst. (lufttrocken) 3.3 mg: Gew.-Verl. 0.3 mg (104°, P205, 4 mm Hg). 
Cy7Hj507Cl. 220. Ber. H20 8.94, Gef. HO Bile 
Methoxy!-Bestimmung : 


Sbst. (wasserfrei) 4.4 mg: CH3J 5.2 mg. 
Ci5H905(OCH3)2 Cl. Ber. OCH3 16.9. Gef. OCHg3 15.6. 


Papierchromatographische Priifung. Um das Anthocyanin weiter zu charakteri- 
sieren, haben wir die krystallisierten Praparate papierchromatographisch gepriift. 
Zu diesem Zwecke wurde eine Losung von Farbstoff in 1-proz. methanolischer Salz- 
saure wie tblich auf einem Filterpapierstreifen aufgebracht (Toy6, Nr. 50) und nach 
der aufsteigenden Methode bei 25°C mit den folgenden Lésungsmittelgemischen 
chromatographiert, welche wir aufs neue fiir die Trennung von Anthocyanfarbstoffen 
als sehr geeignet gefunden haben. 

(a) isoAmylalkohol-36% HCI-H,O (5:1:1, v/v) 
(b) Butylalkohol-36% HCl-H2O (7:2:5, v/v) 
(c) Eisessig-36% HCI-H20 (3:1:8, v/v) 
€dy Aceton-10% HON(QVA, V/V) lec cecsicseseeenees 
(e) isoPropylalkohol-10% HCl (1:1, v/v) 
(f) Eisessig-36% HCl-H2,O (5:1:5, v/v) 


fur Glykosid (sowie Aglykon). 
fir Glykosid. , 
fir Glykosid (sowie Aglykon). 
fur Aglykon. 
fir Aglykon. 
fur Aglykon. 


Freilich ergab das Anthocyanin bzw. Anthocyanidin nur einen einzigen, gut de- 
fininierten Fleck, dessen R;-Werte wie folgt ermittelt wurden: 
fur das Glucoside: 
Rf=0.03 mit (a), 0.32 mit (b), 0.61 mit (c), 0.90 mit (f), 0.39 mit (e), 0.52 mit Cd); 
fur das Aglykon: 
Rf=0.24 mit (d), 0.34 mit (e), 0.46 mit (f), 0.43 mit (a). 
Die mit authentischem Praparat gemischte Probe verhielt sich ebenso. Demnach 
kénnen wir darauf schliessen, dass das Lespedeza-Anthocyanin zweifelsohne aus 


Maivin besteht, und das Anthocyanidin mit Malvidin identisch ist. 


Wir verdanken Herrn D. OHATA die Durchfiirung der Elementaranalysen und auch Herrn G. 
SUZUSHINO eifrige Mitwirknng bei der Sammlung und Aufarbeitung des Bliitenmaterials. Der eine 


von uns (T. N.) wurde von dem Unterrichtsministerium finanziell unterstutzt. 
(National Institute of Genetics, Mishima) 
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Katsuji KIMURA and Tsuneo TAKEMARU: Meiosis in the Basidium of 


Coprinus macrorhizus Rea f. microsporus Hongo 
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Fig. 1~24. The meiosis in the basidia of Coprinus macrorhizus Rea f. microsporus Hongo. All 
magnifications are x2600. All microphotographs are unretouched.—Fig. 1. Two haploid nuclei in 
young basidium,—Fig. 2. Fusion of two haploid nuclei (karyogamy).—Fig. 3. Diploid nucleus, in 
which two nucleoli are fusing.—Fig. 4. Resting stage-—Fig. 5. Leptotene stage.—Fig. 6. Zygotene 
stage. Four pairs of chromosome threads are visible——Fig. 7. Synapsis.—Fig. 8. Pachytene stage. 
—Fig. 9. Early diakinesis. A pair of chromosome threads is attached to the nucleolus. Three 
other bivalents are free at 9, 11 and 12 o’clock.—Fig. 10. Four bivalents at mid-diakinesis, one of 
which is attacned to the nucleolus at 8 o’clock.—Fig. 11. Four bivalents at late diakinesis. The 
nucleolus is at 8 o’clock.—Fig. 12. Metaphase I (polar view). A group of all four bivalents is at 
9 o’clock.—Fig. 13. Metaphase I (side view). One bivalent is lost in a mass of other three 
chromosomes.—Fig. 14. Early anapnase I. Centrosomes are clearly visible at both poles.—Fig. 15. 
Mid-anapnase I, Ejigat dyads on the spindle are visible, some of them overlapping.—Fig. 16. 
Basidium at late anaphase I. Spindle connecting sister chromosome groups is clearly stained. 
—Fig. 17. Telophase I. Spindle is slightly stained.—Fig. 18~19. Two focal levels of the same 
telopnase I basidium, Notice a radial structure from each pole.—Fig. 20. Two sister nuclei in 
interphase.—Fig. 21. Metapnase II (polar view). Two nuclear plates, right one slightly out of 
focus, are visible. Four chromosomes are recognizable on the left nuclear plate. Fig. 22. Ana- 
phase II (side view). A centrosome is visible at each pole.—Fig. 23. Telophase II. Spindles 
are slightly stained.—Fig. 24. Four nuclei resulting from tne two successive divisions. 


Fig. 25~32. Micropnotographs suggesting the possibility of post-reduction. All magnifications 
are x 2600. All pnotographs are unretouched.—Fig. 25~26. Two focal levels of the same late 
propnase I nucleus. All eight univalents, some of them slightly out of focus, are visible in fig. 25. 
Two are in focus in fig. 26.—Fig. 27~28. Metaphase I. All eight univalents are visible in fig. 27. 
In fig. 28, four univalents are observed, the remainder four chromosomes being cut off.—Fig. 29~ 
30. Two focal levels of the same early anaphase I nucleus (polar view). Sixteen monads are 
visible, some of them overlapping. Nucleolus is yet remaining.—Fig. 31. The side view of same 
stage. Notice the rod-shaped chromosomes, Centrosomes are clearly visible at both poles.—Fig. 
32. Two sister nuclei, each of which is at synapsis. 
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WM S46 3. REP BUILATESLO BE 6 BETO BSS 
2. WRES—, BIO BWSR HAA hmlc b> Do 
UD 5A 6 4, ABO BW HMIt n=4, 2n=8 ChSo 
Summary 


1. The young basidium of Coprinus macrorhizus Rea f. microsporus Hongo is 
binucleate in the primary stage. After the fusion of these two primary nuclei, the 
meiosis follows, and gives rise to four daughter nuclei. 

2. At each pole of the spindle, a centrosome can be seen in both the first and 
the second meiotic divisions. 

3. Cytological evidence is presented that the reduction of chromosome number 
takes place -either at the first (prereduction) of the second division (post-reduction ) 
of the meiosis. 

4. The haploid number of chromosomes for this fungus is observed to be 4, 
and the diploid number of chromosomes is 8. 

5. Microphotographs substantiating the description are presented. 
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On the Excitation Phenomena in Embryonic Plants of Vigna 
sesquipedalis Caused by Electric Stimuli, and Presence of 
Polarities Concerning the Excitability 


by Hisashi OKAMOTO* 


IA fal: Sh > PSA RAR & MRED FEE OVC 
Received January 27, 1955 


During the works on the measurement of electric potential distribution in Vigna 
embryo, the influence of light as a disturbing factor for the resting potential was 
confirmed besides the influence of mechanical stimulus (1). Similar phenomena have 
been reported, so far as yet known, by Yendo on other plant materials (2). Tem- 
porary falls of the potential were observed at the alteration of light- and dark-phase 
and vice versa, meaning the generation of the action potential. 

Prior to further investigations on this phenomenon, two problems must be 
resolved: (1) to observe whether such fall of the potential represents a general ex- 
citation phenomenon which can be caused by stimuli of some other nature, for 
instance, electric or thermal agitation, and (2) to determine the quantitative relations 
assumed to be established between stimulation and excitation. 

In the present paper, results of the experiments about electric stimulations on 
hypocotyl of embryonic plants of Vigna sesquipedalis are reported. 


Methods 


Embryos of Vigna sesquipedalis which had been cultured in washed sand two to 
six days long in the dark at 30°C were employed as materials. Rectangular current 
pulses (1—60 volts) were applied to the hypocotyl by means of a constant current 
stimulator of ordinary type. The arrangement of electrodes attached to the seedl- 
ing was as follows; one of the measuring electrodes (M*+) was placed in the middle 
of two stimulating ones (S* & S~), except when polarity in the plant body was 
further precisely investigated. Another measuring electrode (Mo) was always fixed 
on the boundary of hypocotyl and radicle; thus between the measuring electrodes, 
in unexcited states, the resting potential difference was set up (see Fig. 1). 

The stimulating electrodes** were at a distance of ca. 16 mm apart from each 
other and the resistance between them was normally evaluated as 100 to 300 Kiloohms 


* From the Biological Institute, Faculty of Science, Nagoya University, Nagoya 


** Ordinary Zn/ZnSOy4 electrodes 
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(which varies with excitation), while the resistance of 
electrodes themselves was ca. 30 Kiloohms. Thus the 


maximum intensity of the stimulating current was 0.6 


mA, its maximum efficiency 0.036 Watt. c : 
Extents of the potential change were directly read r negative Ss) e 
from amounts of deflection of the galvanometer in the h 


electrometer circuit (1) calibrated beforehand. ua mM 
Fig, 1 Ordinary arrange- 
ment of the electrodes 


Results 


1. Presence of the Polarity. 

A stimulus of 60 volts in strength immediately caused a remarkable fall of the 
resting potential at the stimulated part, which was also accompanied with a lower- 
ing of the ohmic resistance (Fig. 2 & 3). 

The lowered potential recovered to its normal value within 60 to 120 minutes. 
After the complete restoration of the resting potential, a repeated stimulus gave the 
same effect (Fig. 4). It is interesting that the stimulus with a current of reversed 
direction gave rise to a different type of excitation, as shown in Fig. 2 & 3. Denot- 
ing one direction of the elongation of hypocotyl as “ positive’”’ and the reversed one 
as “negative”, a stimulus of the positive direction caused a relatively deeper lower- 
ing of potential and its restoration occurred sharply. On the other hand “ negative” 
stimulus of the same strength and duration caused a distinctly shallow fall of poten- 
tial, which often required a few minutes to attain its maximum value and the 
restoration of the resting potential occurred slowly. I distinguish the excitation 
observed in the former case as “type I” from “type II” in the latter. The type II 
is not a subsequent effect of the type I (Fig. 3). 


Time (min) 


| -s8v 
«10 sec 


Pau 
Time (min) H 
' 


V" 


Fig. 2 Potential changes at 


the measuring electrode (M+) Fig.3 The same as Fig. 2. Changes of the ohmic resistance 


caused by the electrical stimuli (dotted line) between two stimulating electrodes are also. illus- 
of mutually opposite directions. trated. 
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=1L5Vx 15sec —5 Vx" 
+t 


20VX10sec + 20Vx5sec 29VX1sec 
| \ 
Fig. 4 Potential changes 


by the repeated stimuli of 


various magnitude. 
20 mV 


E '(mV) 


2. Quantitative Relations between Excitation and Stimulation. 


As a measure of the excitation, we can adopt the magnitude of a fall of the 


resting potential 4E (in millivolts). As for the stimulus, two quantitative factors 


must be taken into consideration, namely the intensity S (in volts) and the time of 
duration t (in seconds). 

a) Stimuli of 2.5 to 60 volts in strength and 1 to 40 seconds in duration were 
applied to hypocotyls of 2 days old embryos. Some typical results are shown in Fig. 
4. The relations between values of the responses and applied stimuli are summeriz- 
ed in Fig. 5. It is clearly perceived that the effect of stimulus takes a constant 
level above 10 sec. of duration corresponding to a given strength of the electric im- 


pulse in every cases and larger excitation cannot be obtained unless more intense 


90 


—AE (mV) 


s (Volts) 
Fig. 6 Relation between maximum fall of the potential (AE) 
and intensity of stimulus (s) observed in the embryo of 48 hrs. 
culture. 


t (Sec.) 

Fig. 5 Relation between ma- 
ximum fall of the potential 
(AE) and duration of stimulus 
(t) observed in the embryo of 
48 hours culture. 


— AE (mV) 


s (Volts) 
Fig. 7 Relation between maximum fall of the potential and 
intensity of stimuli observed in the embryo of 96 hrs. (con- 
tinuous line) and 144 hrs, (dotted line) culture, @=lb5see)? 
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stimulus is applied. The results upon the intensity-excitation relation are also repre- 
sented in Fig. 6 in regard to the direction of stimuli, where the type of responses 
is shown to vary in the form of curves apparently concerning the direction of the 
stimulating current. 

So far as the duration (t) has a value less than 10 sec. and concerning the 
positive stimuli, relation between stimulation products P (intensity x duration; volts 
x sec.) and the intensity of responses can be described approximately by an empiri- 
cal equation approximately : 

— 4AE=P0.74 

b) The stimulus-excitation relation was investigated with 4 and 6 days old 
embryos, keeping the duration of stimuli constant (15 sec.) in this case. 

The curves illustrated in Fig. 7 were asymmetrical concerning both sides of the 
abscissa, confirming the aforementioned fact. So far as stimuli were applied in the 
range of 1-30mm apart from the cotyledon, esseatially the same relation could be 
observed irrespective of the age of plants. 

3. Changes of Electric Potential Distribution with 
Local Excitation. 

As mentioned above, there exists a “ polarity ” 
along the growth axis of hypocotyl in regard to the 
excitability. Then it may come into question whether 
the intrinsic origin of this phenomenon is of a stru- 
ctural nature or otherwise the polarity depends sim- 
ply upon the polarization of the cell surface caused 
by the electric stress at the contact point of the 
electrodes. In order to resolve this problem, rela- 


tions between the excitation and the resulted changes ro 


een 
Current 


of electric potential distribution were investigated. 0 50 70 eo 


Some typical examples of these determined relations 


r = Fig. 8 Changes of the poten- 
are shown in Fig. 8. 


tial distribution with the excita- 


The results are summarized as follows: tion caused by a negative 

a) Changes of the potential distribution caused a 

a ark; — of the excitation along the 

by the “positive” stmuli differ markedly from those growth axis of hypocotyl and 
caused by the “negative” ones. This indicates the its recovery process. Each 
occurrence of an alteration of polarization, or en- Curverrep ie ents. perental dl) 


tribution at the stage which is 
given in minutes at the right 
b) Fig. 8 shows a feature of transmission of hand of the curve. The stimulus 


excitation along the growth axis and slow recovery Be Sores ee: 


trance and departure of ions at the contact points. 


of the normal potential distribution. The velocity of transmission calculated from 
the time spent from the application of a stimulus till the arrival of the maximum 
excitation at a certain point is 0.2-0.5mm per minute. 


c) So long as the arrangement of electrodes described in the paragraph of 
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methods are adopted, types of the relation between stimulus intensity and excitation 

are determined exclusively by the direction of stimulating current, and do not depend 

upon the inclination of initial gradient of the resting potential on the stimulated 
OE OE 3 

part Cas >O ora <0, where x is the coordinate along the elongation axis). 


4, Polarity in the Radial Direction of Hypocotyl. 
Concerning the above mentioned indication 3a) Table 1-a 


further exploration should be carried out upon the exis- R 
+ _— 


tence of the radial polarization. In the experiments 
se wy 1 type II 


hitherto executed, one of the measuring electrodes M+ A 


: : : ; — et I t Il 
was always set in the middle of two stimulating ones te Mg 


in order to avoid possible appearance of the effect of Table 1-b 
so-called “law of polar excitation”. Nevertheless, po- R 
larity was observed in a difference of the electrical! us a 

: : : : : + typeI type I 
responses according to the direction of stimulating cur- A 
Tone — type II type II 


Now, if one of the measuring electrodes (M+) be put upon the very position of 
either of the stimulating electrodes, four different ways in the flow of the stimulat- 
ing current must be taken into consideration at this portion. Those are the possi- 
ble combination of the following two factors. 

The acropetal current along the axis of hypocotyl be expressed by A+ and the 
basipetal current by A—. The current which flows out of the stem be denoted by 
R+ and the one that flows in ty R— (see Fig. 9). 

If there really exists a folarity in radial direction of hypocotyl, electric responses 
of the type shown in Table 1-a will be expected to occur for each arrangement of 
the electrodes considered. On the other hand, supposing only one kind of polarity 
along the growth axis, the expected type of the excitation must offer another figure 


shown in Table 1-b. 
Experimental results shown in Fig. 10 and Table 2 indicate that the relations 


Example : (A+. R-} mM % 
A-, R7- - 

Mo + - aiid ane 
Se . 


- Ry x OF ° eG, 
Fig. 9 An example of ae eae . 

the arrangement of the 9, 

electrodes for the investi- aise sg at! ae Se ee ha 

gation of the polarity, is: hy MYA geo x 


providing one of the four 
different ways in the flow 


=5p) = 400 a0) 1 =20) =10 0 10 20 30 40 50 = 60 
of stimulating current, 7 a CYolts) 
(At, R—). Fig. 10 Electric responses caused by the four different types 


of stimulating current. 
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represented in Table 1-a are proper. It is concluded from this that a polarity in the 
radial direction does actually exist. 

This fact, however, does not mean to exclude the presence of polarity along the 
elongation axis, for if the latter might be absent, the stimulation-excitation relation 
would become symmetrical concerning the abscissa and any difference in excitation 
type could in no way be realized, when one of the measuring electrodes (M*) was 
put in the middle of the two stimulating ones as in the previous procedure. The 
“neutral point” where contradictory influences brought about by the two stimulat- 
ing electrodes are just cancelled out (and accordingly one should expect symmetrical 
responses on the measuring electrodes concerning the abscissa of impulse strength, 
is fairly biased to the root side. In this meaning, the polarity along the elongation 


axis must also be recognized to exist. 


Table 2. -AE—S relations with 3 days old hypocotyls. —AE: 
values of potential fall (mV). 


Exp. ee Oe ee Re ER cei ey ee) 
ws A [aes ge ey eR a See PPO 
oS R $+ + = = + + = = = 
Si OE 
en ee ee 

a OE 

5 48.5 al 
ew 0 CIM ASSoahCOP pt23 FAG.) 13) 79.) pet GS 
S 20 88 Time 2308 5h 17) OSG mes 
Y~ 40 66 71 126.5 
wy 44 | © 108 68 26 ae 

Sot ee 76 ed haze we 74 76 34.5 46.5 
type fe a ee el or Lee ll ee ne 

Discussion 


Compared with the electric stimulation, the light stimulation requires a lag time 
of 1-10 minutes until the action potential is established. Such a lag is entirely 
absent in the former case. Some sequent reactions may participate in the light 
stimulation process from reception to excitation. The process of excitation is very 
slow in both cases in comparison with that of animal tissues, It requires 10-200 
minutes until complete recovery of the initial resting state is attained, while the 
transmission velocity of excitation is also about 10,000 times slower than that of 
neural organs. Histological and protoplasmic structures of plant organs seem to be 
very primitive, or extremely low differentiated so far as the function of excitation 
and transmission are concerned. 

The threshlod value of the electric stimulus is presumably accounted very small 
(which has not yet been determined). 
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Provided that the intensity of stimulus is rot too small, for instance above 1 
volt, the excitation takes place complying with Weber-Fechner’s law, except cases 
with “negative stimuli,” where the 
relation appears to be somewhat 
complicated. In Fig. 11, —4E values 
are plotted agairst log S and log 


AE (mV) 


(a+ ) respectively. 
According to the sc-called ‘law 
of polar excitation” found in neural 


and muscular tissues, an excitation 


may occur primarily at the regative 


(a) (b) 
log(1+ ) log s 


Fig. 11 


electrode when stimulating current 
begins to flow, and no anodal excita- 
tion can take place until the current 


a) Relation between—AE ( ==) we 
JeqRelation between AE ‘and Jog: (1+, ceases. The polarziation at both 


b) Relation between —AE and log s. contact points takes reversed orienta- 
tion to each other, namely depressing the excitability at the anode and raising it at 
the cathode. Though the rule also seems to hold in this case, hypccctyl is a multi- 
cellular oagan and direct validity of this law is still in question, because the excita- 
tion occurs immediately after the stimulation despite of its slow transmission velo- 
city, at the position between and fairly apart from the two stimulating electrodes, 
where cells should be subjected to both cathodal and anodal excitation. 

It would require further extensive investigations to ascertain whether the pola- 
rity along the elongation exis may be of a structural nature or else may depend 
upon a certaink ind of inclination of cell excitability. This inclination of cell 
excitability may diminish towards the root tip and cause less effective influence of 
the root side impulse upon the geometrical midpoint of the two stimulating elec- 
trodes. The latter interpretation seems to be more probable, if we examine the 
results shown in Table 2 precisely. 

It is an accepted fact that when a neural fibre is excited, a rapid entrance of 
Nat ions and rather slow departure of K* ions are recognized with an abrupt vanish- 
ing of the resting potential. 45) This means a reversible abolishing of the unba- 
lanced ionic distribution preserved by the plasmamembranous selective permeability. 
Assuming a similar mechanism for the plant tissues, the polarity of the radial 
direction can be interpreted as a resultant effect of two factors, namely the trans- 
ference of ions which must have opposite directions at both contact points and an 
excitation process of a more general nature which should bring about the same 
loweirng of potential at every place. These two factors would be formulated in such 
manners as follows. 

In the first place, there must be an ionic shift distorted by the applied potential 
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bog (14 8) 
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), where Cp is the initial concentration of cation, S the inten- 


sity of stimulus and K a constant which refers to 
the length of stimulating time. Assuming KS«Co, 


log (14+-¢-5). As the second 


it will become a 


factor we will represented the excitation process 


s caused by the abolishing of the resting ionic dis- 


tribution by a(S). Then the resultant excitation 

Fig. 12 Schematic illustration 
of the resultant excitation pro- 
duced by the linear combination 
of two factors.’ 


can be written in the form of a linear combination 
of the two factors as the first approximation for 
a certain limited range of S. 

—AEo RT log (1+ c S)+a(S) 

The relation is illustrated in Fig. 12 schematically. The asymmetrical form of a(S) 
was traced in order to consist more closely with the experimental results observed, 


in which i) in the negative side of S is larger than that in the positive side. 
S=0 


I wish to express my gratitude to Professor T. Mori for his constant advice 
during this wrok. Thanks are also due to Mr. I. Watanabe (Central Research In- 
stitute of Electric Power Industry) for his kind aid in constructing apparatus. 


Summary 


(1) Temporary falls of the resting potential (maximum c.a. 100 mV) observed 
in the seed embryo of Vigna sesquipedalis are supposed to belong to the category 
of the general excitation phenomenon, because they can be brought about by stimuli 
of various nature in the some manner, although their processes are some 103—104 
times as slow as those in animal tissues. 

(2) Applying rectangluar current pulses (1—60V) on the hypocotyl of the plant 
by means of two accessed stimulating electrodes, the presence of a polarity in 
parallel with the growth axis was confirmed concerning the excitability; fairly dis- 
tinguishable two types of the electric responses (I & II) were detected, each corres- 
ponding to the positive (acropetal) and negative (basipetal) direction of the stimulat- 
ing current applied. In this case one of the measuring electrodes (M+) was placed 
in the middle of the two stimulating electrodes and another one (Mo) on the boun- 
dary of hypocotyl and radicle as counter electrode. 

(3) A double propagation of excitation with velocity of 0.2—0.5mm per minute 
along the growth axis was also observed. 

(4) Quantitative relations between intensity as well as length of stimulus and 
excitation were investigated. Excitation of the type I takes place complying with 
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the Weber-Fechner’s low, while that of the type II has its maximum at a certain 
strength of stimuli. 

(5) Further expriments, where M+ was placed on the same position as either 
of the stimulating electrodes, proved the existence of one more polarity in the radial 
direction of hypocotyl, namely, out flux of the stimulating current from the surface 
of the organ causes the excitation of the type I while influx of the stimulating cur- 
rent causes the excitation of the type II, irrespective of the direction of current 
along the growth axis. 

(6) Thus the polarity along the growth axis reveals itself in the deviation of 
the “neutral point” towards root tip concerning the excitation types. The nature of 
the radial polarity was discussed on the basis of the movement of ions through 
stressed protoplasmic membranes. 
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Effect of the Short Day Treatment on the Growth Periodical 
Variation of Osmotic Value in Soybean Plants* 
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The effect of short day treatment on flowering was already studied by many 
investigators. According to So et al® the increase of cell sap concentration and 
reducing sugar was observed in a plant of short day nature when it was laid under 
short day photoperiod. The present author took up the problem concerning the in- 
fluences of short day treatment on osmotic values, as no report could be found on 
this question. In the previous paper» he stated that the variation of osmotic value 
of a plant was induced firstly by growth periodicity and secondarily by climatic 
factors. The short day treatment accelerates the growth period of a short day plant 
and the plant become to grow in unnatural seasonal conditions. So that the studies 
of a short day treated plant will also be valuable for solving the problem of the 
periodical variation of osmotic value of a plant. 


Material and Method 


Soybean (Glycine hispida Max.) of a late season variety “Kyushu Autum No. 2” 
were sown on May 14, 1953. The seedlings were planted in pots. The soil moisture 
in the pots was kept at 80% of the saturated water capacity. The experimental 
plots were divided into three as follows; (A) Control plot of natural day-length, (B) 
Late treated short day plot, the treatment was commenced on July 5, 43rd day after 
germination, (C) Early treated short day plot, the treatment was commenced on 
June 1, 8th day after germination. The treatment was carried out as follows: the 
daily light period was shortened to 10 hours before podding. The osmotic value of 
upper epidermal cells of leaves was measured at incipient plasmolysis in KNO; solu- 


tion. The values are the means of five leaves representing vertical position of the 
plant. 


Experimental Results 


(1) Shortening effect on growth periods The flowering period arrived in (B) 
15 days and in (C) 39 days earlier than the control (A) (Table De Inca randsCo) 


* Problem of physical and physiological dryness. Rep. 17 by Y. Fukuda; EBD Oae 
** Shimonoseki Commercial Upper Secondary School. “PBS pa2e eee ee 


May 1955 


podding began only 4~5 days 
(A) it took place three weeks after. 
flowering but also podding. 


more sensible to photoperiodic stimulus than the younger ones. 
day of treatment, (B) fiowered 11 days earlier than (C). 
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after the commencement of flowering, while in control 


The short day treatment accelerated not only 


Bortwhick & Parker stated that matured leaves are 


Reckoning from the 


So it may also be said 


that a matured plant are more susceptible to photoperiodic stimulus than an im- 


matured one. 


Table 1. Effect of the shortening of growth by short day treatment 
= ES = a Z see rt 
Beginning of short), Bein fA ‘ 
ginning of flowering 
Pe pcrinental day treatment : 8 Ee from Diff. 
1 | | Dig | paysue Shon 
plot Days after | Days aft Ses eee iff ; A-B,C 
Date Pees leDately oo Co CA dimehort d Diff. | podding |(A~B,C) 
germinat e g i 3 ay) = P = 
germination germination| G)| treatment (C-B) 
| Natural (a) Aug. 8| 77th day 21 
Late fenied: Jul. 5| 43 as . | ee | ious 
ee day (B) ul. 5| 43rd day |Jul. 24, 62nd day | 15 19 5 16 
lady treated Pa ; 
short day (C) Jun.1) 8th day |Jul 1) 38th day | 39 30 11 4 17 


(2) Restraint of stem growth 


Sir 


Fig. 1. Comparision of the apperance 
of soybean plants whose short day treat- 
ment began at various times (Photho- 
graphed on Sept. 20, 1953). 

A) Natural day-length plot; 

B) Late treated short day plot; 

C) Early treated short day plot 


Dwarfishness can be seem clearly in (B) but 
is extreme in (C) (Figs. 1 & 2). The similar 
phenomenon was already reported by many 
authors who mentioned that dwarfishness oc- 
cured as the result of the precocious differen- 
tiation of reproductive organ formation (Tagu- 
chi)”. The short day treatment on (C) began 
on June 1, but for 25 days no sympton of the 
restraint of stem elongation was observed 
(Fig. 2). But the restraint was observed on 
(B) 5 days after the commencement of the 
treatment. The restraint appeared in (C) 5 
days and in (B) 10 days before flowering. The 
short day treatment was more effective in ac- 
celerating flowering than commencing the 


restraint of stem elongation. 


(3) Common variation of the osmotic values according to the growth periodi- 
city The osmotic values of all plants belonging to (A), (B) and (C) increased 
gradually as the plants grew and they descended somewhat at flowering and ascend- 


ed again at podding. The maximum value appeared at ripening season. 


mon tendency appeared under different climatic conditions. 


This com- 
No peculiar seasonal 
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on 
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Pes 

ye ee Fig. 2. Growth curve of 

- stem of soybean plants 

Ly Flowering whose short day treatment 

A began at various times 

A) Natural day-length 

Va plot; B) Late treated 

£ short day plot (commenc- 

Aen a he Ee ed on Jul. 5. 1953); C) 

BlosteEuns Early treated short day 

LD plot (commenced on Jun, 
gee ne ei i 1, 1953) 


Ue ™ Podding 
Flowering 
Ca 


Jul. Aug. 


Thick lines indicate the 
periods of short day treat- 
ment. 

Broken lines indicate 
the period after flowering. 
Sept. 


change of osmotic values was observed by the short day treatment. 


Table 2. Osmotic value at the same growth period of plants whose short day 
treatment began at various times 


Flowering period Podding period Ripening period Number 
Experimental = : : 
Osmotic | Diff. Osmotic | Diff. Osmotic | Diff, | of ripe 
plot Date value (A-B, | Date value (A-B, | Date value ((A-B, pod 
(KNO3 mol)) C) (CKNO3 mol)| C) (KNO3 mol)| C) 
Natural (A) |Aug.7/ 0.31 a OE “ept.| 0.45 55 
Late treated - eae 
short day (BJU 22; 0.27 |-0.04 [Jul 28) 0.88 0.07 AUS! — 9 Shame OetOl. 240 
Early treated 
ane day (C) tial, 2) 0. 24 On Oi atten 7 0. 28 SOF 12 Wal) 28 0.31 -0.144 18 
“ 0. 48 Fig. 3. Variation of 
a 0. 46 = a the osmotic value in 
3 0. 44 fi a soybean plants whose 
= en0me2 ye short day treatment be- 
I B 0. 40 Poddingg 9 _/ gan at various times 
2 ¢ 0. 38 ae P a A) Natural day-length 
OM 0.86 vt etse plot; B) Late treated 
SE 0.34 Podding B ee i Short day plot; 
v g 0.32 Taf C) Early treated snort 
‘g & 0. 30 Poddi eMateteY Soa a ert it day plot 
d mieieas odding a. ‘ re Thick lines indicate 
2 0. 26 B/ e/g wea the period of short day 
ee (0) A eR rr treatment. 
fo) = > Flowering ! Laws 
0. 22 | 2 Broken lines indicate 


17 25 1) 7 14°22. 80 4 “11 47-2900%8 


Jun. 


Jul, 


Aug, Sept. 


12 e238, 3 
Oct. 


the period after flower- 
ing. 
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(4) Lowering effect on osmotic value at the same growth periods Table 2 
and Fig. 3 show the osmotic values of the plants of (A), (B) and (C) at the same 
growth periods. In Fig. 3 climate seems not to modify the growth periodical varia- 
tions. The values of (C) are the lowest and those of (A) are the highest at each 
Stages (Table 2). At each growth period (flowering, podding and ripening) the 
osmotic value is low if the period is attained in early age. In spite of their low 
osmotic value, the treated plants bore pods which contained normal seeds though 
the yield was less corresponding to the restraint of growth. 


Discussion 


The coming of flowering period is a definite physiological phenomenon wherein 
osmotic value temporarily lowers. At this cardinal point the osmotic value, however, 
differs in each plot: the value is lower in precocious plants and higher in late 
matured ones (Table 2). The osmotic values depend upon the length of duration of 
vegetative growth from germination till flowering. And the differences of the values 
among three plots are kept during the rest of their lives. Furthermore, these diffe- 
rences still increase at podding and then at ripening, as the growth stages advance. 
As short day treatment shortens growth periods, the treated plants become to posses 
lower osmotic value, in proportion to the duration of the treatment. Namely, short 
day treatment does not affect osmotic value which increases with the progress of 
vegetative growth. It can be said, from the opposite view point, that the growth 
periodical variation occurs indipendent of the comparatively low osmotic values in 
the treated plants. The continuance of short day treatment accelerates the different- 
iation of reproductive organ formation even at the diminished vegetative growth and 


osmotic value. 


Conclusion 


The effect of short day treatment accelerates the differentiation of reproductive 
organ formation and causes the shortening of growth periodicity. The osmotic value 
of a plant varies according to the length of growth duration: the normal one whose 
growing duration is longest has the highest value, and a heavily treated one with 
the shortest growth duration has the lowest. The degree of osmotic ascension 
caused by the aging is the function of the age of vegetative growth and is not 
influenced by the maturation caused by the differentiation Of reproductive organs. 
The growth periodical variation of osmotic value regularly appears indipendently of 
both the length of growth duration and the growing season. 

The writer is indebted to Mr. Yoshio Furutani of Kyushu Agricultural Experi- 
mental Station for his kindness in supplying material for this study. 
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[Beans, R.C. and Hassid, W.Z.: Assimilation of ClO: by photosynthesizing Red 
Alga, Iridophycus Flaccidum., J. Biol. Chem., 212: 411~425 (1955) ] 
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Koji YANO: On the Chromosomes in Some Mosses. 


VIII Chromosomes and Sex-Differentiation of Entodon and Other Two Genera 
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(Chromosomes and 
genus Entodon examined) 
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11-15. £E. Challengeri 8 «x 1330 
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Figs. 16-28. Brachythecium populeum 5. 2 FED Yfatk, 
Sas Bata ORL 

(Chromosomes, heteropycnosis and meiosis in Brachythecium 
populeum and other two species) 

16-20. Metaphase chromosomes in gametophytes. 

16. Brachythecium decurrentifolium. 2.17. B. Buchanani 
var. japonicum. &. 18-20. B. populeum. ¢. 

21-25. Heteropycnosis in prophase (21, 22, 23) or resting 
(24, 25) nuclei of gametophytes of B. populeum. 

26-28. Meiotic chromosomes at Ist metaphase (26) and 
anaphase (27, 28) in SMC’s of B. populeum. x 1330 
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Figs. 29-44, Hylocomium RO RCIERD Afi ph & BE 
(Chromosomes and heteropycnosis in gametophytes of genus 
Hylocomium examined) 

29-33. H. cavifolium 2. 34-38. Ditto 36. 

39-44. H. proliferum. 44. A nuclear plate showing n=6 
which was found among the normal cells with n=12 of 
H. proliferum. x 1330 
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5o MSAMO 2 (RO H (tak hoe SE ORSHE IL ARTE WARE IC Buc te CEE 
HOR, MO eM sO MEK SCM 1941), HHOMA Lt LicRO SAE Cit to 
MER ECRED CHS}, KICRMA-HO RMD > DICER H OMNI 
IES AROS & Fb MERERER EC TROCWOSZCL UCP SN SU PRIC dsc Ht BAe ie 
(RICHER OSE MCSA, CHIRILE BAAS LMHS SALONS. Th-eatlte ones 
PHS H MOLDS C, BS Beha. H LIRICRAMLICEL, ToBI 
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SPF SIv7_ Brachythecium, Entodon jiiK, 

lk Table I CaARTIN<Y, ABABA AUROWFC MO AER SOE 
ROUBRBAERAIRA ESS ELVIS bb fit, OICRE PR OMICOsme Or © 
et og a ce VIER YC LEER LET 


GUISE CLEARS SNCWO4D, TORE 


Résume 


1) The karyotype analysis of mosses, eight species belonging to three genera, 
was carried out: 
Entodon Challengeri 


C> 


K(m)=11=V(H) + V+8(6v-+ 2j)+m¢h) 


E. chloroticus* 9) K@)=11=V(H)+V+48(6v+2j)+m(h) 
E. ramulosus 2,6 K@)=11=V(H)+V+4+8(6v+2j)+mch) 
Brachythecium populeum G K@)=10=V(H)+3V+5(4v+j)+m(h) 
B. decurrentifolium* 2,8 K(n)=10=V(H)+2V+4+6(4v + 2j)+mch) 
B. Buchanani var. japonicum* AB Km) =10=V(H)+2V + 6(4v + 2])+- mh) 
Hylocomium cavifolium 2,8 KCm)=6=V(H)+2V+2J+m(h) 

H. proliferum* (sterile) K(n)=12=2V(H)+4V+2J+m+m(h) 


2) By three dioecious species, i.e. Entodon ramulosus, Brachythecium decur- 
rentifolium, Hylocomium cavifolium, the chromosomes and the heteropycnosis in 
prophase nuclei of both male and female gametophytes were carefully compaired 
with one another, but no sex chromosomes differed in morphology have been fouud. 

3) The chromosome numbers in the genus Hylocomium studied in this paper 
show a polyploid series of n=6, 12. The diploid species H. proliferum has two sets 
of chromosome complement which is approximately similar in the morphology of 
chromosomes to that of the monoploid species H. cavifolium. 


* These species were already reported in part in the series II and VI (Yano 1952, 1954b) of the 


present paper. 
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Table 1 External characters of Fg compared to the parental plants, TimoSaF 


Length of 
culms 


(cm) 
125.04 
88. 95 
68. 06 


Number 
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Be eho 
Plants oi) 


TimoSaFy 21 
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” -2 20 
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| Spike 
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3. 
6. 
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04 22.00 


145. 89 
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| 3.18 3 
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3.56 2 


85 32. 65 
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OW CHT OR MIB SMUT ORIEN S © 
POA RITE BASH CR)DEF 4 BE 
MERE © MIRA NOTE IC t31F Z LR EEA, 
BID EU ARIS ARIUS AIC XFL CIE x 1000, 7E 
ESN DAB RICAT LUCIE x 770 CD, 


GR OGRS LUE 


Fo AAO BIE: Fo Hy 2 (KO ARETE 
Ae Ri (F:) OF & bbe Hiss 1 BOL 
5 CLBale 

BURICAT LA Fo HAM 2 (HAORHIK ILS 
WHIM CWit bOBRBSRLE, CHE 
TEC BES AB, ici cumbia $3 CLV 
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Photo. 1. Spikes of 
T. Timopheevi x S. 
africanum F2 (TimoSa 
F2) plants, left, No’ 1 
(2n=39), right, No. 2 


1 
2n=25 is Ea 
( eae 3 
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(LBOCHR. 1 MO/ Pies bk USER Ate bl, CO TimoSaFo-1 HMOs 1 pess> 
% FPe@FicSockk. MMIC RN, No. BUCH Cc, Died & OI lO DBAS 
2 ORAL) Ch O72 CE Ss Fi CMCES 1S CH545 23, IEF A ORMEGMITHsu>Tclz, 2 
2s,. No. 1 OfARISSF LX Fy tReocer MALE AAD FICE LIL LIE FIC GAT ZOE 
(Photo. 1), Orb, l4n dnrmwt LU cHMBSNKLOG 
TimoSaF -1 fh) D768) RMIT $s FS pea> %A5, 
BR: COMA MMMM VC 2n=39 OBA 


Table 2 Frequencies of bivalents and univalents at heterotypic metaphase in meiosis 


of the PMC’s of TimoSaFo-1 a= 82) eet 
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% | 0.21] 1.25 | 1.88 | 6.47 | 13.99 33, 19] 23.59] 14.82) 4.83 | 0.21 | 33.19 | 99.99 
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AMI RL Sh SRL CBR OADM 
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trpotk., Mile 3MAAADBRIX V Wc 
Dice 
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MOF CAC EAT ORISA, BD19& 
20 DEBALHOLOOMAICLOThEE SS 
Hit &OEHA5 (TimoSaF, D PMC OF 2 He 
PBC sv CL (353) OD pore 
HELHS5B, 19 VEOUWBAEHOMRIT 
ZANTE bie (Nakajima), & OYA KHL 
19 $s Ls 20 (t F) OWMfafsH 2n=21 LY 1~2 
{HD te. Beehoc, T. turgidum x S. cereale 
F, (Nakajima).2) ) (Cc dstt- 4 t ARICA es 
2DCHESZLB26NS. 4 LEOMEDM YD CH 
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GGR*R*-3 £7 OKITCHS 3 WAKE 3 HO 
y 7 ROH, {fit 1 MOV 7 ADAIERTS 
4D ChATe b(¥ CT. turgidum x S. cereale Fy 
gsv clk 3 fAOF 7 AO 2 fAsee ChH 
(t, HOD 1 MOF 7 AIL 3 WK ROCHE 
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DPB rR KILLED E(B dHE LW (ho- 
to. L)o SHILC ORBLE 3 MAO AEM LY Ze 
C24 2M EOF ACR 440G BEU 
R48?) Gh45o0 INL CO OKRRLEAB ACH 
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Ch¥t 2n MELT 25 OMAK HBLE 
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Table 3, Frequencies of bivalents and univalents at heterotypic metaphase in meiosis 
of the PMC’s of TimoSaF 2-2 (2n= oy) eae 
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11 LU 14 OMfafALHHOG OF 54.68 sk Wa leice 
O 5. 67 Ff 60. 35% ‘Gis 4 (Nakajima3)), |RaEA ZIG TimoSaFo-1 ts LU 2 OAR CIERRA 
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EFAUE 12 & 13 OMB (AL OMULF ORATE ORWSRRICTS$EOS(, ROICRLBARR 
= (0.2137) (x, 11 & 14 ORES HES (0.3100) £ (LOCH), HOCHST ZI BOSS 
DESL. MS2D TimoSaF2-2 fAfklt 11 Te BARRERA Loco 


& 14 OMAR HORT ORERIC ED TCEL 


Resume 


1. In the present report, the results of cytogenetical studies of 2 F, plants 
(TimoSa¥2) of T. TimopheevixS. africanum F, were described. 

2. The number of somatic chromosomes of the 2 individuals was found to be 
39 (TimoSaF 2-1) and 25 (TimoSaF 2-2) respectively. . 

3. External characters of the TimoSaF, plant were quite different from those of 
F,; as shown in the Table 1 and Photo. 1. 

4. The number of bivalents in one PMC at heterotypic metaphase varied 5~14 
in the TimoSaFz1 and 3~9 in the TimoSaF:-2. The frequency of bivalents in the 
PMC’s of the F, plants was tabulated in the Tables 2 and 3; occurrence of 97 
(TimoSaE,-1) and €y (TimoSaF.-2) appeared to be the mode respectively. 
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The 2 individuals of TimoSaF, plant were completely sterile. 
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Resume 

1. This paper deals with the results of the research on the characteristics and 
type of pairing of chromosomes in the reduction division in P.M.C. of the F,-hybrid 
which is raised artificially by crossing Rubus hirsutns Thunb. (6) and R. trifidus 
Thunb. (¢ ). 

2. The seeds obtained in the cross are easily germinated. The growth of the 
F,-hybrid is well. 

3. The types and frequency of the pairing of the chromosomes in the metaphase 
of first division in the hybrid P.M.C. are as follows: 7y... 30%, 642] ... 39%, 5+ 
4; ... 29%, 44+61 and 3n4+8, ... less than 1%. 

4. The 93% of pollen of this hybrid is empty and the rest is full in content. 
The seeds of this hybrid are sterile. 

5. This hybrid does asexual propagation vigorously. The larger size of the 
flowers and more numerous in florescense of the hybrid as compared with those of 


the parents indicate that it shows heterosis. 
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Light-sensitivity against the Germination II.* 
Interaction of Light and Darkness on the Germination 
of Epilobium cephalostigma Seeds 


by Sigeo IsIkKAWwaA** 
A) PERE: SESFOIDIAME IL. 4 9 7 ANF OPP OFEICIB LC OSE LIE & OF EA 


Received February 27, 1955 
Introduction 


The author referred in his precedent report? that what is called “ photoperio- 
dism” could be recognized in germination of light-favoured seeds. It means that, 
by subjecting these seeds to daily light exposure, one can find the optimum length 
of light period for germination of each kind of seeds respectively and that germina- 
tion rates go down positively under continuous illuminating in most. kinds of seeds. 
From this, an existence of a certain length of dark period after initial light period 
was suggested to be required for complete germination of light-favoured seeds. 

The present paper reports what has been studied about the germination of 
Epilobium seeds; (1) the existence of two light periods and an intermediate dark 
period of a certain duration, all of which were necessarily required for the germina- 
tion, and (2) individual character of the two light periods and the one dark period 
and other facts studied on them. 

The writer wishes to express his cordial thanks to Professor Sizuo Hattori and 
Dr. Masao Hasegawa for their kind guidances and valuable advices. Kind and pre- 
cious assistance was extended to the writer by Mr. Takasi Yamazaki of Tokyo Uni- 
versity in the determination of species and Mr. Takeshi Oofusa of Tokyo Metropolitan 
University throughout the experiments, to whom he also wishes to extend his heartiest 


thanks. 


Experimental Methods and Materials 


The experimental methods were almost the same as those employed in author’s 
preceding study with the exception of the following points: (1) Presoaking time 
before exposure to light was 7 days. (2) Soaking time (in which the seeds were 
placed in darkness after the last illuminating) was 5 days. (3) In case illumination 
was performed at a low temperature, seeds were maintained before exposure to 
light in a low-temperature-apparatus for 30 minutes, during which the tem- 
perature of culture fluid and seeds themselves were lowered sufficiently, after then 
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they were subjected to illumination as being 
kept in the low-temperature-apparatus (see 
hig). 

The whole experiments were performed 
during the period from December, 1952 to 
January, 1955, which could be divided into 
three stages. A series of data recorded in the 


present paper was obtained from the results 
of the second experiment stage, which lasted 
from Dec., 1953 to July, 1954, for which the 
seeds collected at Mt. Akagi in Autumn of 
1953 were used. Although the germination 


Fig. 1. Low-temperature-apparatus percentage obtained from the seeds of 1953 
A: box, B: tin-box, C: freezing mixture, was very low (50-60 %) as compared with the 
a eat pasate ee Ieee, same of 1952 (80-90 %), no change was ob- 

served in general tendencies of the germina- 
tion throughout the experiments. 

Out of the seeds studied, those for the first stage were collected in October, 1952 
at Mt. Akagi, and those for the second, in October, 1953 at the same place, while 
the seeds used for the third experimental stage were gathered in October, 1954 at 
Mt. Nyugasa. 


Experimental Results 


Preliminary Experiment: The seeds used in the year of 1953 showed a compa- 
ratively low germination rate, but their optimum photoperiod for germination was of 
a rather wide range (6-21 hours), and lowering of germination rates was recognized 
under continuous exposure to light (Fig. 2-A). Thus, the seeds of 1953 showed, in 
general, the same tendency in respect of germination behavior as the seeds of 1952. 
Illuminating must be necessarily given then the degree of light sensitivity of seeds 
has been highered up sufficiently», and it was confirmed that the highest light 
sensitivity was maintained with a presoaking time of 6-12 days, in view of a ten- 
dency of light sensitivity of seeds which changes with the length of presoaking 
time (Fig. 2-B). For these reasons, presoaking time for the successive experiments 
was decided to be 7 days. 

Experiment 1: It was revealed from the above experiment as shown in Fig. 2-A 
that the maximum germination percentage was obtained from 7 illuminations 
repeatedly performed over seven days (6 hours per day). And this time, in order to 
know how many times out of these seven illuminations is necessarily required for 
germination, the seeds were exposed 1~5 times to a light of 103 lux intensity for 
each 6 hours in 24 hour-cycle (for 1~5 days and 6 hours a day) when the light 
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Germination percentage 
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Fig. 2. A: Effect of the daylength, B: Changes of degrees of light-sensitivity 
with the lapse of presooking time, C: Germination percentages of illuminating times 


sensitivity mounted highly enough after seven presoaking days. Then the germina- 
tion rates were counted (Fig. 2-C), and it was recognized that the highest germina- 
tion percentage was attained by two times illumination of 6 hours in 24 hour-cycle. 
(It means illumination over two days, and 6 hours a day.) 

Experiment 2: From the Experiment 1, and as described partly in the same 
item, it was further recognized that no germination was obtained from one time 
illumination lasting 6 hours, but only two times of 6 hours’ illumination in 24 hour- 

cycle induced germination. ‘Then, for this 


SS 


time, one duration of 6 hours’ light period 
Gt did not induce germination) was 
divided into two illuminating durations 
each composed of three hours, between 
which one duration of dark period (D,) 
of 0~48 hours was inserted. Then it was 
revealed that, out of every results from 
0~48 hours, the maximum germination 


Germination percentage 


(a a ee a 
i percentage was secured in 15~30 hours of 


duration of dark period (D,) ; 
an intermediate dark period (D,) (Fig. 
3). In case the dark period'is short (0O~6 
hours) or too long (more than 42 hours), 


the rates of germination dropped re- 


Fig. 3. Effect of the length of dark period 
(D1) inserted between two illuminating dura- 
tions each composed of there hours 


markably. 
Experiment 3: From the aforementioned experiments, the author could find two 


light periods with an intermediate dark period (D,;) of suitable duration (about 21 
hours at 22°C) to be essential conditions inducing germination of Epilobium seeds. 
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Then, under these conditions, the author attempt to put various lengths of illuminat- 
ing time into the first light period (hereinafter referred as Ly) and the second 


lizht period (hereinafter referre1 as L2) respectively. 


Germination percentage 


0 / 1060/80 0 | /0 60 180 
! 10 


Lux 
o——e 10000 tux 


Oonwwn90 1000 


min 
/ 1060180 0 J 1060180" Le 
60 180 cw Li 


Fig. 4. Effect of two light periods of different duration 


According to the experimental results given in Fig. 4, the germination rates did 


not change with the length of L, varying from 1 minute to 180 minutes, namely 


the rates were not affected by illuminating length of L; within this limit. 


Accord- 


ingly, it could be considered that an illuminating time as short as one minute 


might be enough for the first light process. 
On the other hand, in lL», the longer illuminating time become, the higher 


germination rates were obtained, and it took 10%lux intensity of 3 hours’ illuminating 


to obtain the highest rate. 


Experiment 4: In the preceding experiment, 103luxx1 min was recognized to be 
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for the first illumination (1) 


610° 30-10" 


Next, the 


author examined the germination values 


an enough length for L). 


obtained from the sum multiplied light 
quantity (light intensity x illuminating 
lengths) of two different intensities (102 
lux and 103lux) by various lengths (Fig. 
5), and derived the following results: (1) 
the germination rates were not affected 
‘by light intensity but by multiplied light 
quantity. (2) 9x104‘MKS was necessary 
and sufficient quantity. 


Afterwards, a sufficient multiplied light quantity (120x10{MKS or 2 minutes’ 
illuminating with 104lux) was given to seeds in L; and then in Ls, the seeds were 


June 1955 Bot. Mag. Tokyo, Vol. 68, No, 804 177 


subjected separately 103 lux and 104 lux intensities with various. Then the germina- 
tion percentages were counted (Fig. 6). They were affected by multiplied light 
quantity rather than the length of light period, so it might be considered that illumi- 
nating length was an important factor for germination in Ly», 


Germination percentage 


length of Dy 


! 10 50 100 200 500, 
a Fig. 7. Effect of the temperature of dark 
Fig. 6. Effect of the second illumination period (D,;) inserted between two periods 
(L2) of different duration of illumination 


Experiment 5: Next, studies were made on the length of dark period (D,) in- 
serted between L, (short) and Lz (long), and how the optimum length of dark period 
(D,) did change with fluctuation of temperature was investigated (Fig. 7). In con- 
sequence, the author could find that the length of dark period had a close relation 
to temperature. 

Experiment 6: The next experiments were made under the basic condition al- 
ready proved, that is, a short illumination was given for L;, a long illumination for L» 
and the length of dark period (D,) was settled for 21 hours at 22°C. Then, indivi- 
dually different low temperature were given for the two light periods (Li and L4,), 


and the germination percentages were counted. Table 1 is a comparison of the 


Table 1. Effect of temperature during L, of 2000 lux x 10min 


Temperature (°C) 22 | —2~0 | 


30. 8% | 


germination rates obtained from the illumination at 22°C for Lz; and at a low 
temperature (0~2°C) for 1;, with those from the illumination at 22°C for both 
periods. (In this case, temperature was changed only for 1;). Any difference of 
the rates could not be found tetween the two cases. Thus, it was understood that 
L, is not affected by temperature. Table 2 is a comparison of the germination 


178 fi th FS ME mi 68 HG FH 804 S HAA 30 4 6 A 


Table 2. Effect of temperature during Ly of 2000 lux x 180 min 


Temperature (°C) 22 —2~0 


Germination percentages 29.6% 1.2% 


L;: 2000 lux x10 min, presoaking period: 7days, soaking period: 5 days, 
ID GAL lanes: 


rates from the illumination at 22°C for L; and at a low temperature (0~2°C) for 
Lo, with those from the illumination at 22°C for both periods. (In this case, tem- 
perature was changed only for Lz). This time, few germination was seen in case 


illumination for Lz; was performed at low temperature. 


Considerations 


In the present work, the author investigated and confirmed that two times of 
illumination and a certain length of dark period between the two light periods are 
required for the germination of Epilobium seeds. For L;, only a short time illumi- 
nation is required and the multiplied light quantity required for the same period is 
about 9 x 10! MKS, and the germination rate is not affected by temperature. From 
this, the first light period which promotes the germination of Epilobium seeds should 
be considered as a single photochemical reaction of low intensity process. 

Seeds of Tobacco, lettuce? and Lythrum Salicaria® germinate completely by 
one time short exposure to light. The values of the required multiplied light 
quantity of these seeeds are generally similar to the same of Epilobium seeds. 
Action spectrum of seed germination of lettuce (by Borthwick? and others) resem- 
bles to be the same of low intensity process in floral initiation. From these facts, 
it can be considered that what is seen on germination behavior of Epilobium in 
lL, may be of a similar nature to the above phenomena. A conclusion, however, 
cannot be reached as yet. The author considers that further investigations of L; 
by action spectrum is desirable and must be performed, and he expects to do so. 

Lz requires long illumination of high intensity and is affected by temperature. 
Therefore, it can be considered that not only a single photochemical reaction but 
also enzymatic reaction have influence on germination behavior in Lp. But the 
author could not find any actual indications yet. As already described, an existence 
of a dark period (D,) of a certain length was confirmed to be necessary for germi- 
nation of Epzlobium seeds. But, in the present investigation it was not confirmed 
whether light hinders dark reaction as the case of the floral initiation of Short Day 
plant, nor measured reaction speed in dark period (D,). 

Many reports have been presented recently, which confirm that a short time or 
a momentary illumination? is quite enough for promoting the germination of tobacco 
seeds. In the meantime, the author has treated the seeds of LIysimachia mauritiana, 
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Oenothera parviflora, Rumex sp., Silene Armeria as well as tobacco, all of which 
can germinate completely by one time short illumination, and obtained without fail 


the highest germination percentages at a low temperature (0~2°C) (Table 3). 


Table 3. Effect of temperature during the illumination of 2000 luxx 1 min 


Species = Nes ) 23 —2~0 
Oenothera parviflora 69.3” 66.77 
Lysimachia mauritiana | 54.3 41.0 
Rumex sp. 78.0 (eT 
Silene Armeria 95.0 96.0 
Nicotiana Tabacum | 75.7 76.7 


From these records, the author considers that the report? on tobacco germina- 
tion issued in 1954 by Ogawara regarding his recognition of two light periods with 
an intermediate dark period as fundamental requirements for seed germination of 
tabacco ought to be rexamined. 


Conelusions 


The author recognized that in order to induce germination of Epilobium cepha- 
lostigma seeds, one of the light-favoured seeds, two light periods and one dark 
period (D,) of a certain length between the two are required. As the multiplied 
light quantity required for L; is no more than 9x104MKS, L; can be ended with 
one minute illumination of 103lux and is not affected by temperature. 

L, requires strong intensity (103-104 lux) and long exposure to light (more than 
200 minutes and for the maximum percentage, £00 minutes), and it is affected by 
temperature. Therefore, the second light period Lz is considered as a complex 
high intensity process connecting not only with a single photochemical reaction but 
also with enzymatic reaction. As the length of dark period (D,;) between the 
two light periods is in inverse proportion to temperature, affection of dark period 
on germination is considered as enzymatic reaction. However, it has not yet been 
confirmed whether this dark period reaction is hindered or not. 
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Uber den Einfluss von Auxin auf die Stoffpermeabilitat 
des Protoplasmas 
Il. Mitteilung. Harnstoffpermeabilitat des Protoplasmas 
yon Avena-Koleoptile 


von Yoshio MASUDA* 


SASK: OBO REACT 24-*7yYOReS UL. 


Eingegangen am 28, Februar 1955 


In einer vorigen Mitteilung hat der Verfasser gezeigt, dass die Permeabilitat der 
Zwiebelschuppenepidermiszellen von Allium cepa ftir Harnstoff und Glyzerin durch 
das Heteroauxin (H.A.) deutlich beeinflusst wird (Masuda, 1953). Dabei zog er 
auch den Schluss, dass das H. A. auch auf die Lipoidphase der Protoplasmamembran, 
wie auf die Eiweissphase, wirkt. 

Nun kommt die Frage, ob (A) das Auxin, das sich spontan in der Pflanzenzelle 
befindet, auf die Permeabilitat einen Einfluss austibt, und ob (B) es irgendeine 
Beziehung zwischen der Permeabilitatssteigerung und der Zellstreckung gibt. Davon 
berichtet der Verfasser folgende Versuchsergebnisse. 


Material und Methode 


Als Versuchsmaterial wurden die Innenepidermiszellen der etiolierten Avena- 
Koleoptile gewahlt. In den Versuchen, um die Zellen, deren Gehalte des in ihnen 
befindlichen Auxins verschieden sind, herzustellen, wurden die obere und untere 
Halfte der etiolierten normalen und dekapitierten Koleoptilen angewandt. 

Die Permeabilitatsbestimmung wurde nach der Deplasmolysezeit-Methode ge- 
macht. Daftir folgte der Verfasser derselben Methode, die in der hangenden Tropfen- 
Kultur-Methode von Takada (1953) gebraucht wurde, um die Konzentration des 
Plasmolytikums konstant zu halten und den Gasaustausch zu gewahren. 

Die Plasmolyse-Deplasmolyseverlaufe wurden mit dem Prozent der plasmclysierten 
Zellen gegen die Gesamtzahl eines mikroskopischen Feldes ausgedrtickt. Und wenn 
ihr Wert weniger als 5 erreichte, wurde die Zeit als Deplasmolysezeit angesehen 
(Masuda, 1953). Alle Versuche wurden bei 25-26°C ausgefuhrt. 

Um den Effekt des Heteroauxins fiir die Streckungen der Koleoptilen zu bestimmen, 
wurden die aus den 20-30 mm langen Koleoptilen ausgeschnittenen 4mm langen' 


Zylinderstiicke in die Heteroauxinlésungen von verschiedenen Konzentrationen oder 
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ins bidest. Wasser gebracht, und ihre Langen wurden in der dunklen Stelle in allen 
6 Stunden gemessen. 


Versuchsergebnisse 


(A) Spontanes Auxin und Harnstoffpermeabilitat. 

Als Objekt wurden die junge 20-30 mm lange Koleoptilen und die 50-60 
mm lange, die die Streckung geendet haben, angewandt. Wenn man sie dekapitierte 
oder nicht, teilte man sie jede fiir sich in die obere und untere Halfte ein. Nach 
der Wasserung wurden diese Koleoptilenstiicke in die 0.7 M Harnstofflosung gebracht. 

Die gemessenen Deplasmolysezeiten werden in Tabelle 1 gezeigt. Diese Werte 
sind gross in den Zellen der Koleoptilen, die fast die Streckung geendet haben, und 
klein in den der heranwachsenden. Sie sind bei den normalen Koleoptilen kleiner 
als bei den dekapitierten, und kleiner auch bei der oberen Halfte als bei der unteren. 


Tabelle 1. Deplasmolysezeit in der 0.7 M Harnstofflosung der Zellen der 
verschiedenen Wachstumszustande 


Koleoptilenlange 


20-30 mm | 50-60 mm 
—— = <= } — 
| Obere Untere | Obere | Untere 
Normal 15-20 min. 30-35 | 90-100 90-100 
Dekapitiert 30-35 | 35-40 | 90-100 90-100 


Hier kommen die osmotischen Werte und die Plasmaviskositat der Zellen, deren 
Wachstumsprozesse verschieden sind, in Frage. Aber nach der Grenzplasmolyse- 
Methode belaufen sich die osmotischen Werte in allen gebrauchten Zellen fast auf 
gleiche Werte (etwa 0.5 M Glukose). Auch die Viskositat ist nach Plasmolysezeit 
fast gleich. Also werden die gemessenen Deplasmolysezeiten als das allgemeine 
Mass der Harnstoffpermeabilitat betrachtet, und daraus,kann man sich denken, dass 
die Harnstoffpermeabilitat der Zellen, die die Streckung geendet haben und nur 
wenig spontanes Auxin enthalten, niedrig ist und die der heranwachsenen Zellen, 
die viel spontanes Auxin haben, hoch ist. 

(B) Zellstreckung und Harnstoffpermeabilitat. 

Die Beziehung zwischen der Streckung der Koleoptilen und der Konzentration 
des H.A. wird in Abbildung gezeigt. Wenn die Koleoptilenstticke nur mit dem 
H. A. versorgt wurden, streckten sie sich zuerst etwa im Verhaltnis zur Konzentra- 
tionszunahme des H.A., aber schon nach 6 Stunden stand die Streckung fast still. 
Wenn 3% Rohrzucker, ausser dem H.A., ins Medium hinzugesetzt wurde (McRae 
und Bonner, 1953), dauerte die Streckung lange Zeit, so daB der Effekt des H. A. fiir 
die. Streckung der Koleoptilenstiicke sehr klar in die Erscheinung trat. 

Wenn ausser dem H.A. der Zucker nicht hinzugesetzt wurde, wie die Tabelle 2 
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Tabelle 2. Deplasmolysezeit der Koleoptilenzellen, denen nur. H. A. gegeben wurden, 
in der 0.7 M Harnstofflosung 


24 Std. 


iS 3 Std, 6 Std. 9 Std. | 12 Std. 
ontrolle | 35- 40 min. 40-45 45-50 | 50-55 60-65 
0.1 mg/l H.A. | 35-40 35-40 45-50 60-65 95-100 
1 mg/1 H.A. | 30-35 35-40 50-55 | 70-75 110-115 


Tatelle 3. Deplosmolysezeit der Koleoptilenzellen, denen H. A. und 3% Rohrzucker 


ecrench noe in der 0.7M ea ee 


3 Std. 6 Std. 
Kontrolle 25- 30. min, 25-30 
0:1 mg/l HA, |) 20-25 20-25 
Th soarsay//il Gl, Ja\- 15-20 15-20 


Streckung der Koleoptile in mm. 


Zeit in Stunden 


Abb.: Die Streckungsverldufe der Koleoptile, 
die nur H.A. (@-:::: @) und ausserdem 3% 
Rohrzucker (O ©) gegeben wird. Anfangli- 
che pH 6.6-7.0. 25° C. 1 und 1’: Kontrolle, 2 
areal 275° OL saawey/il Tel vaN, G} qouavl SYS Gl enrey/il 
HOAg 


Hegre 


24 Std. 


| 12 Std. 
ee Rear 
| 20-25 eet nicht 
17-20 siert nur plasmoly- 
12-15 pee siert. 


zeigt, nahm auch die Harnstoffpermea- 
bilitat im Verlauf der Zeit ab. Wenn 
aber der Zucker hinzugesetzt wurde, 
wie die Tabellen 3 und 4 zeigen, fiel 
sie 24 Stunden lang nicht. Wenn die 
Koleoptilenzylinder in der 3 % Zucker- 
l6sung (0.08 M) 12 Stunden lang gebadet 
wurden, nahm der osmotische Druck 
der Koleoptilenzellen zu, wenn man 
auch das H.A. hinzusetzte oder nicht, 
und plasmolysierten sie nicht in 0.7M 
Harnstofflosung plasmolysieren (Tabelle 
3). Daher mussten die Versuche in 
0.8M  Harnstofflosungen 
werden. 


ausgeftihrt 


Besprechung 


Nach dem Versuche A kann man 
erkennen, dass die Harnstoffpermea- 
bilitat und die Streckung der Koleop- 
tilen, die das spontane Auxin vielleicht 
verursacht, parallel sind. 

In dem Versuche B, bei Zusatz von 


3 % Rohrzucker wurde die Permeabilitat, wie die Streckung, mit den Konzetra- 
tionszunahmen des H. A. vermehrt, und ohne Zusatz des Zuckers, fiel die Harnstoff- 
permeabilitat wie die Streckung schon nach einigen Stunden herab. 
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Tabelle 4. Deplasmolysezeit der Koleoptilenzellen, denen H. A. und 8 2% Rohrzucker 
gegeben wurden, in der 0.8 M Harnstofflésung. 


6) Sutel iZeotd: 24 Std. 


3 Std. | 6 Std. 
(Ze eS _ - : eS 
Kontrolle _ 25-30 min. | 25-28 18-22 18-22 15-18 
0.1 mg/1 H.A. | 20-25 | 20-25 15-20 15-18 13-16 
1 mg/1 H.A. | 15-18 | UGS 13-16 13-15 12-15 


Wie oben gesagt, kann man jedenfalls erkennen, dass Harnstoffpermeabilitat 
und Streckung parallel sind. Da die Permeabilitat nach der Deplasmolysezeit- 
Methode gemessen wurde, kann man in diesem Falle verstehen, dass der Zucker die 
Kolloidzustande der Plasmagrenzschicht eher beeinflusst als er die Kohlenstoffquelle 
der aktiven energieverbrauchenden Stoffaufnahme ist. Aber nach den berichteten 
Versuchsergebnissen allein, wie Guttenberg und Beythien (1951) gezeigt haben, kann 
man nicht entscheiden, ob die durch das Auxin hervorgerufene Permeabilitatser- 
hohung auf der Streckungserhéhung beruht, oder ob die Plasmazustande, wenn sich 
das Auxin und die nutzbare Kohlenstoffquelle befinden und infolgedessen die 
Streckung gefordert wird, die Permeabilitatserhohung usw. verursachen. 


Zusammenfassung 


1. Die Harnstoffpermeabilitat der Innenepidermiszellen von etiolierten Avena- 
Koleoptile wurde nach der Deplasmolysezeit-Methode gemessen. 

2. Wenn die verschiedenen Bedingungen der Streckung von Avena-Koleoptilen- 
stticke, d.h. das Alter und die Dekapitation der Koleoptile, und Zusatz von Hetero- 
auxin und Zucker, verandert wurden, wurde die Tendenz gefunden, dass die Streck- 
ung und die Harnstoffpermeabilitat parallel sind. 

Hier sei es dem Verfasser gestattet, seinem verehrten Lehrer, Herrn Prof. Joji 
Ashida, fiir seine Anregung und standige Anleitung den besten Dank auszusprechen. 
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Cytological and Morphological Studies on the 
Gametophytes of Ferns IX 
The Polar Plasmolysis on Fern-prothallium (2)* 


by Isami IcGuRA** 


PARLE: FRMGHOM MACHT 2 MOF KMPH IX 
ES ATBEK © A HEUTE BE (2) 


Received Feburary 2, 1955 


From the results shown in Table 1 in the preceding paper, the following facts 
are explained. The plasmolyses of the prothallial cells occurred, first of all, at Region 
I and extended by degrees to II, III, IV, V and VI but occurred often almost at the 
same time at I and II. Accordingly, the plasmolytic gradient was observed among 
the regions in the whole field of the prothallium, and the basal po’e produces the 
plasmolysis earlier than the apical one. The spot at which the cytoplasm separates 
from the membrane firstly in a single prothallial cell was regarded as the corner of 
the apical pole in many cases (Photo. 1), while sometimes the cases which were con- 
trary to this fact were observed. That is to say, in a single cell, the plasmolysis is 
generally positive, at the beginning, in the corner of the cell at the apical pole and 
negative at the basal one, and the cytoplasm is apt to draw near the latter. The 
reverse phenomenon of this behaviour of the cytoplasm, however, was observed in 
some portions. Namely, in a certain cell the cytoplasm separated from the mem- 
brane at the corner of the cell at the basal pole and gradually reached A-type. 

The region which reached, at first, the A-type of the form of plasmolysis in the 
prothallial cell was I also, and the other regions followed I one after another. In 
the same mol.-solution and the same duration each region showed the different type, 
that is, though Region I and II presented A-type, the other regions did not get A- 
type and remained at B- or C-type (Photos. 2, 3, 4-6, and 7-9). B- and C-type 
changed their forms by degrees into A- or B-type, at last after some times, different 
as the time was according to the species of the prothallia or the concentratio of 
mol.-solution, all regions got A-types (Photos 10, 11). In the prothallial cell which 
seemed to be divided into two cells by the transversal membrane, the negative plas- 
molysis was observed at the both sides of this transversal membrane in spite of the 
cell polarity (Photo. 7), and the opposite sides to this membrane showed the inci- 
pient plasmolysis. This result may be due to the fact that the cytop!asm contacts 
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Table II. The duration of plasmolysis at each region in the whole field of the prothallium 


| Regions Remarks 
Plasmolytica Species | Mol. |—— = nS ak - 
| | I I Il Iv Vs VI-_séi| ate | temp, °C 
ral II, Il -....——— Gnins.) et Sa 
0.30 80-90 90-110 110-120 110-120 110 130 _ 1-6") 12.°7 
| Tj 0.30 110-120 115-120 120-140 120-140 140-150 S19) 18.10 
f a ¢ 5 oe 
Ge een feeb oe BD 30; 90-100 90-100 100-110 100-120 100-130 I-24 15, 115 
oe a3) 80-90 80-100 90-100 100-110 II-16| 19, 12 
| | 0.40 | 50-60 50-60 60-50 60-65 | \Ui-17) 20, 14 
0.20 60-65 60-65 65-75 70-90 7 
| Ai | o80 | 
| een | {30-35 30-50 60-65 70-80 70-80 125 | O17 ss 
G Cl | ron Ge ¥ | tot See iia: _ - 
aCly | 0.30 | 50-60 5060 50-70 60-70 70-80 11-19] 19, 9 
| IiL-tv| jets > 
| 
| = = = = ? 
| mak O18 .0-60 50-60 50-70 60-70? 60-70? 11-20| 19.5, 12 
| 0.30 | 30-35 30-35 35-50 65-75 75-100? | | 
/ 0.30 | 120-150 120-150 120-160 140-160 | 
1} | 
0.42 | 60-70 60-80 70-80 70-80 980-90 
| Ai v | |ii=2 |= 16806 
| 0.70 | 20-25 20-25 30-40 40-50 50-60 
ae 15-20 15-20 20-30 40-50 40-50 
| rue y 9S. Seer ae | peo 
Urea 35 0.40 | 60-70 60-70 70-80 Ill-8 | 20, 10 
0.70 | 15-20 15-20 30-40 40-50 40-50 
| IV-V 
| | 0.38 | 40-50 40-50 50-60 50-60 
V-VI ae 
Lt | 0.58 | 30-40 30-40 40-50 50-60 60-70 M10 19.5, 12 
V-VI 
0.62 | 2030 20-30 3040 40-50 50-60 | 
V | 
Ai 0. 30 30-40 30-40 4050 60-70 70-80 IiI-12) 19, 12 
KCI 1.00 | 20-30 20-30 30-40 40-50 60-70 70-80? | 
| : V | T1- 
Ti | 0.30 | 2030 20-30 30-40 40-50 40-50 _ ees ae 
| Va is rim 7 g 
Ai 0.30 | 15-20 15-20 20-30 30-40 40-50 40-50? /IJI-16 16, 11,5 
KNO3 1. 00 5-10 5-10 10-15 10-15 15-20 15-20? 
Pee yi 47 
| Ti 0.28 | 15-25 15-25 20-30 30-40 ema) Le 
: IV % 
Ai | 940 | 30-40 30-40 40-50 40-60 40-60 ee EOS 
as IV 1 we “/TIL-22 22, 14 
Tj 0.40 | 1520 15-20 20-30 30-40 50-60 tess 
IV | 
NaCl 0.30 | 20-25 20-25 30-50 50-60 IV-21| 18, 13.5 
1,00 | 10-20 10-20 30-30 30-50 40-60 z ; 
IV | 
40 30-40 40-50 40-50 50-60 | 
AICI; ae 2 IV-30 17.5, 16 
0.46 | 40-50 40-50? 50-60? 50-60? 60-70? 
Ai LN? 
40-50 40-50 80-90 90-120 
MgCl, 0. pe V-7 | 17, 16 
0.70 | 10-15 10-15 15-25 20-30 25-35 35-40? | 
rote ges, va. eat, 
| 
0. 40 20-30 20-30 30-40 30-40 V-15 16, 15.5 
a 1.00 5-15 5-15 20-30 120? ~—:120? 130? | 


Foot-note: 1) Ai Asplenium incisum Thunberg, Tj Thelypteris japonica Ching, Lt Leptogramma 
totta J. Smith Lm Leptorumohra Miqueliana H. Ito. 2) In the column of Remarks, the date, the 
room- and water-temperature in the experiment were represented respectively. 3) Il, I, DV5tV; 
and VI in the column of Mol. indicate the region in which these mol.-values are the limit concent- 


rations. ? no clear observation. 
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closely to the transversal membrane which is assumed to be formed newly, in other 
words, this membrane may possesses the high viscosity which disturbs the cell 
polarity, At the tangential or the radial polarity, in general, the prothallial cell 
begin the plasmolysis earlier at the apical pole than 

at the basal one, too, but occasionally this pheno- 

menon is not clear. The cytoplasm of the glandular 

hair is observed to show, on the whole, the positive 

plasmolysis at the basal portion and the negative at 

Fig. 4. The forms of plasmo- the apical (i.e. 0.3, 0.6, 0.54 mol. urea, 0.3 mol. CaCly, 
lysis of the glandular hair in 59 0.24mol. KCl, 0.28 mol. KNO,, 0.34, 0.60, 0.68 
Thelypteris joponica Ching. ( x 240). 
In 0,34 mol. glucose-solution, The mol. glucose) (Fig. 4). In HCl or ethyl alcohol 


portion of the oblique lines is that — solution the plasmolysis was negative. 
of the cytoplasm 


Il The Duration of Plasmolysis 


At the protion of Region VI the form of plasmolysis of the prothallial cell could 
not be recognized clearly and no perfect from of A-type was found in general at 
the neighbourhood of Region V, whereas in the other regions the clear A-types could 
be observed especially in saccharose-, urea-, and KNO;-solutions. The duration of 
plasmolysis (plasmolysis time) is the one in which the form of plasmolysis gets to 
A-type since the incipient plasmolysis occurred, and it is decided as shown in Table 
II in which the extracts of the experiments were given. 

The duration of plasmolysis is shorter at the basal pole than at the portion of 
the apical pole in the longitudinal polarity within the whole field of the prothallium 
and is shortest at Region I, and it becomes long gradually according as the region 
approaches Region VI. At the tangential or the radial polarity, though no exact 
observations were often got, the basal pole seemed to indicate also the short dura- 
tion, compared with that of the apical pole. The more the solution of the plasmoly- 
ticum is hypertonic, the shorter the duration grows at each region. The difference 
of the species of the fern-prothallium or the plasmolyticm gives rise to that of the 
duration of plasmolysis more or less. (to be continued) 


Explanation of Plates 


The polar plasmolysis of the prothallial cell in Asplenium incisum Thunberg. 

Photo. 1. Incipient plasmolosis in 0.36 mol. glucose-solution after four minutes. Region II. 

Photos. 2, 3. Plasmolysis in 0.36 mol. MgClo-solution after seven minutes, 2. Going to reach 
A-type in Region I and II. 3. The plasmolysis in Region III occurred slightly while in Region I 
and II are going to A-type. 

Photos. 4, 5, 6. Plasmolysis in 0.42 mol. KCl-solution after eight minutes. 4. The Region 
Il; almost perfect A-type. 5. Region IV; advanced B-type. 6 Region V, VI; B-or C-tpye. 

Photos. 7, 8, 9. Plasmolysis in 0.6 mol. saccharose-solution after fifty minutes. 7. Region III; 
almost A-type. 8, Region IV; advanced B-type. Not perfect A-type. 9, Region V, VI; B-type. 

Photos. 10, 11. A-type forms of plasmolysis in 0.70 mol. urea-solution after seventy minutes, 
10. Neighbourhood of Region II, III, and IV. II. Neighbourhood of Region IV, V, VI. 


Plate III 
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I. Igura: Gametophytes of Ferns IX. 


aR VT BED AH ie Se Bo OE 38 
AFYV ZOIDS R OSS UI VE OR a 


aR a 


fe a5 * 


Masahide KURITA: Cytological Studies in Ranunculaceae II 


The Karyotypes of Anemone and Hepatica 
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PIZZAS, Rosenthal XUTkFiLARORAY 
PRU TFUY IVR T VY 
& (Hepatica) OB fARPFEL U-T(X~ Lan- 
glett, 5), #27gi), Moffett, #7 ZARR? 40 
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fett KUM RARILABD YBIE On CONT 
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Figs. 1-6. 


1, Anemone hupehensis var. japonica 2, 
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Table 1. Lengths of the chromosomes of Anemone and Hepatica in micron 

Plant pe bee re asd penalise mac 
Anemone hupehensis var. japonica 16 7.8 100 4.8 100 
A. stolonifera 16 9.8 119 5.6 WANe/ 
A. stolonifera var. plena 16 8.6 110 5.4 113 
A. virginiana 16 8.0 103 5.0 104 
A. nikoensis 16 7.9 101 4.6 96 
A. coronaria 16 9.0 1S Dene 119 
A. hybrida 16 8.8 1138 4.8 100 
A. narcissiflora 14 15.4 198 30) 188 
A. Keiskeana 28 TH 153 6.9 144 
Hepatica acuta 14 14.3 183 | 8.6 179 
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Summary 


1. Karyotype studies were made on eight species and two varieties in Ranun- 


culaceae. The results obtained are as follows: 


Anemone hupehensis var joponica | 


. stolonifera 
. Stolonifera var. plena | 
. virginiana ) 
. ntkoensis 
. coronaria 
. hybrida 


. narcissiflora 


Sk Sb BB SB DB 


A. Keiskeana 


Hepatica acuta 


\ K(2n)=16=8A™+2B™ +2C% + 2p$t4 o'pst 


K(2n)=16=8A™" + 2B" 42'C* Eo Dee ope 
K(2n)=16=8A™ + 2BS™ +9Ct+ 4tpst 
K(2n)=16=7AP + AP + 2B™ 4 9C%t4 354 tpst 
K(2n)=14=10A™+2tB™ + 9st 
K(2n)=28=24A™-+ 4p 
K(2n)=14=12A™-+9' pt 


2. From the karyotype analysis, the two Anemone-species, A. narctssiflora and 
A. Keiskeana, are more similar to Hepatica acuta than to the other Anemone-species. 
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Wataru TAKAMI**: Crystal Habits of Oxalates of Alkaline Earth Metals 


and Their Botanical Meanings 
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Summary 


In the present investigation, the effects of various ions on the crystal habits of 
oxalates of alkaline earth metals were observed. 


(1) The standard form of the calcium oxalate has a ratio of Ue BoD on wanes 


axial lengths. 


(2) The effect of pH is not so strong, if the variation range of pH is small. 


(3) Disturbing effect of NO,-, Cl-, 


~~ and OH™ increases according to this 


order and complex effect of NO3;- and SO,-~ is remarkable. 
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(4) Disturbing effects of positive ions is generally stronger than that of negative 
ions. Effects of Cut+, Fet+, Na+, K+, Mg++, NH,*+ were observed. Especially in 
the cases of Mg++ and NHy,*, action of transforming things into needle-like shape 
“raphide” is observed and compared with the form in the plant cells. 

(5) Existence and non-existence of NH,* in the various cells were checked and 
the above experiments could be positively examined in this case, and the related 
experiments were done for this reason. As the results of above considerations, one 
may conclude for the first time that one and the chief reason for “raphide” for- 
mation, formerly considered as an attribute of the Monocotyledoneae is due to the 
existence of NH,*. 
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Koji YANo*: On the Chromosomes in Some Mosses 


IX. Karyotype, S2x Chromosome and Polyploidy of Genus Hypnum. 
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D SEB UK HAE Fe — RRA AT HS. COL RRA 
LY AGO BS & Ot BE DAB DARA AS 
To DORK m (LEERORRORIC IIT S 
CRIC RASA h Cho, CORR BAIS 
PILE CLEA DACREBIC BM DILED'C, Wrdo 
p% “Nukleolinus-chromosomen” G#,4, 2£ 
{BOS AERA) 2 HO V, Weir 2 Ho J 
LOMSo 

HEER@ (A(t =K(n)=6=V(Y)+2V42J+m 
(h), PA PRADKEK CV) (HCHO. 


F is 


Figs. 1—10. Aypnum circinatulum O 
Buea fh & Bea © Chromosomes and 
heteropycnosis in Hypnum circinatulum. 
1—4, 9 Gametophyte. 5—8. 6 Gem- 
etophyte. 9, 10. Meiotic chromosomes 
in SMC’s x 4000/3 


OPI Clk X LAM CHAK BtZc 
CULAHE CH O23, BIKERS tt SB 
Beni WS 2 LOEB LO IC 7M DS 
BOO Coe Y EPS, MD Y 4 X & iS 
CD BRS BADE — KR RAER LIEV OBIDK 
aac ages OB, RIE YO 
Gods X LORE ChA. HID A 
CHE Y OGD RSP BIBOAS ¢, HYG 


68 4% 8S 804 = 


Hen 30 4 6 A 


PELIRV.. (ILM CILCORI— BERG Y 
CPS Bete AHI X OFHICH LC HAE 
CRA, X, Y UAHOWEAITS < HERR, MEER 
SGOT, HORI {iE DFA DID Biv 
TEV 

AEG GUILE FERC st DS OF AIA Bes BR 
Ht Be (NURI IO FREE 4 FOr: (Figs. 9, 10), 
CO me wc dev CIR X & Y &Die—-BAI 
FEET 2 ABW ORAAY Chok, M520 
Bebe Y ORM BRIT X OTNICIEL 
CAE < ARS CHOC, WHOBIITHMRGHO 
Too TRAN PROB SeIIC(E GIL Dszob5 
Nh, £D56O 1 fAlehO 5 fAICEEL CHICK 
&e, XCWit X-Y OWES CHS. 


2) Hypnum reptile 


HEMEIRIER. K(n) =11=2V(H)+4V+44+m(h), 
AfB(L n=11 GH4ad>56 Ai scReRele EF IU 


Figs. 11—18. Aypnum reptile Ava fA L 
3855 Vsti Chromosomes and heteropycnosis 
in Hypnum reptile. 11—14. Metaphase ch- 
romosomes and heteropycnosis in gameto- 
phytes, 15. Metaphase chromosomes in 
sporophyte. 17, 18. Meiotic chromosomes 
in SMC’s’ x 4000/3 


(RK—fifE CHS. Figs. 11, 12 CART HN < AIO 
PARICIL 3 {ORR CASES ADIBD WZ 
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2, © D5 OO 2 (WISBAR re EEA et Oe 
H Ch (Figs. 13, 14), ©oOm H ombiaR 
aslFOKSS, PARE L< hd V cho, 
H—PBIO FBI ARE ATS RLWAO 
Ti BEN LET ZL IC POH Y, — Fy le Hle be 
LABOR AS <, AYRES MR, COR 
(MRE CIR—-BHIRChS. COM H OF 
EERO RHETT HH OPE 
AX ROY OZHICL< MCS, COL zit 
ASD EMER GC SCL tL Beet ZS 
CHS MAIC ISBN 7e Mm B51 (HB on] 
2, Chlh h CHS, Hh 8 HO BRA AO 
56 4 (Ate AS VG, HIE D5 bO 
1 f(LBIAON<, COAX SBD H Ic peRE 
FSAMO 3 fHlLON LO /NECHS, HHO 
4 f(t median X(t submedian DRX 4 OA 
C CHAS, ANA NBRACHSO PELE 
PHO DIC LBR POR. 

FERC ClE 22 (FOBSBAMASHA 
(Fig. 15), fdF AMI pS — 4p Se HA -Gik 11 
{iO = iM#E ADA bHS (Figs. 16—18), oD 
5% 2 fAILZOKSS, BikD-5 2 fim H-H 
DEG CHACEMHDS,. CH#O— MAK 
ENE LD OS, BHI ISBIAIIE LL < 
BEL CP HRIT 5 o 


3) Hypnum plumaeforme 


HEME FER, BER (REF 1952) Dgn< n=10 G 
dS bAE 6 IMR Ch S0 SHARD 
HSE Hic & RT ARBAB TOR. t 
DEERAREC 4 Hind circinatulum & (ZF RTE 
PEXEADE SO LADO: (Figs. 19—28), 
ADAM ORBIT 9 K(n)=10=V(KX)4+4V44+ 
m(h), 6 K(n)=10=V(Y)+4V+44+m(h) Gs, 
Aq AISPEABLR X, Y (k circinatulum OYE 
& ER, HEME ALIK $s CT LE KOREA CHS. 
FUTCHHIC BV CLM DAICIRLOAS ED 
FED <, WAIL BAIC BV COBAICEHY 
ZRH S, MD HRIRMA CIE Y OS Bemalt 
X Dtnicle CKE < AUCH S. Fb 
Yee (AIC BE LC (SHERMER IAI ED FED SD 
BIVIEV.S Al DHMMEMI A LIRA OYLE fk m (th -c 
0, <#(k Nukleolinus-chromosomen ‘Ci 4o 
L& (HOBCEAKODS DOD 1 fHlk HICKECK 
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Sie V GO, Clk — BIC OIE yee 
ZHOTWS. CHITKCASe 3 WHS V 
ChOo HAO 4 WERKIVNE CHOC, One 
(% median X(k submedian OR LOLS 
ChEDBRETN EOI BI fe LE 
fal C TUSED Ti BLES (AD BOI OIC fl OIVRRIA_E Fa 
reptile D EMBICL <WCwS, 

ATED FIER CIE 20 HAO AS fKIiw» Bh, 
REVO SE BH GIL X LY EDs 
FES DAD FLAME D 7 A UIC EBM Bo 
EAH (Figs. 27, 28). fF RAMIIO Wess 
— FAH (X10 I BASS CFigs. 30, 31), 
CHAI ABER Davie <, MITA 


Figs. 19—31. HAypnum plumaeforme Jz us 
H, Fujiyamae Defoe & SLi ~Chrom- 
osmes and heteropycnosis in H. plumaefo- 
yme and H. Fujiyamae. 19—28, 30, 31. 
H. plumaeforme 19—22. 9 Gametophyte, 
23—26. 4 Gametophyte. 27, 28. Sporophyte. 
30, 31. Meiotic chromosomes of the Ist 
metaphase and anaphase in SMC’s. 29. 
HT, Fujiyamae. x 4000/3 


4 AAO 4G RIC ABEL CITT 55g PAL CH 
SED (MALE (RD 5 bIRKO 1 lk, Cdv2e howe 
$B 2 Bla (KAt OMS COMES LTW SAA 
LUE LIZASBUAI BRR mL, LO DO SH AEES PR 
(2EHA CIS MUO Bete th LO AEA CW PIS 
So Chit X-Y OWE LH SNA, 


198 fi ® FS PE we FS O8 EH 804 


4) Aypnum Fujiyamae 


HEME BER (REF 1952) OMN< n=10 CH 
DDbAAS bit plumaeforme clea 
fi CHS, SHB O AM & LEO AAD MEER 
LOX BMS TOR, PAIL K(m) = 10= VA) 
+4V+4+m(h), BX (V) RUE) (Cm) OH 
fatkhiitnth H, h CHO, CHBELERO 
plumaeforme DEMNAICE<WCWS. RUA 
YafrojFZRelr plumaeforme Nik reptile D% 
WE (DICH L CLS BIS Fig. 29 CART 
TA < ARE D HAH ARIK (SEERA K & He BRAS 5 
(AFB 5S. 2O4H 1 fit H CHAAMED 
4 (Rlxfi4 V Cho, CHD V ORES 
(x plumaeforme “20 =tICHA4St 4 He ACS 
LEAKE Ch So 


I = 


4 17k, (Hypnum) (SZROME EA CO 
DBA KROD MBO FFdorv7_b OLY ¢, (Ale 
Heitz (1928) IC LOC H. imponens n=6~7, 
ZU Vaarama (1950) © KOC A. cupressiforme 
10 1l* OBAMA SICH SITE TE, 
SSE IC LOC BAD HATTON EALR 4 
iO MEE & PAWL AOMN< ChSo 

Hypnum circinatulum 

9 K(n)=6=V(X)+2V+2) + m(h) 

6 Kn) =6=V(Y)+2V+2J+m(h) 
H. reptile 

6 A(n)=11=2V(H)4+4V4+44+m(h) 
H. plumaeforme 

9 K(n)=10=V(X)+4V+4+m(h) 

6 K(n)=10=V(Y)+4V+4+m(h) 
H. Fujiyamae 

9 K(n) =10=V(H) +4V+44m(h) 


CHAEO MWR n=6, 10,11 ChOCIE 
TERED BERR LL CUTE FR LAY Hee 
TUE CAUSE LAGS EG BBRIS PRO TW HE EDS 
dm (Fig. 32). Hl circinatulum (n=6) % 
JERE E L CHO 3 FAIRC NOPE RICA 
Do Bld reptile (n=11) (tof fhayb h 2 1 
(ie ES 4 0, plumaeforme (n=10) KU 


* Delay (1953) ZLB, 


Hae 30 4F 6 A 


H h 


26& oo ify ciel creda 
3G. be rstien eee 


eae I saa 


én ae tetas 
Fig. 32. Hypnum |B, 4 BORA Wat 


Seriai alignments of gameitc chromosomes 
of four species examined. 
a. Hypnum circinatulum (from Fig. 1). 
b. H. reptile (from Fig. 12). 
c. H. plumaeforme (from Fig. 19). 
d. H. Fujiyamae (from Fig. 29). 
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Fujiyamae (n=10) (tofefko-6 H Ro h ZS 
& IHOORET SK fate CRW. CD 
RIC MAC BV CREEK Hit h O25 
AE LCS fl Heitz 1942, S687 1952, 54), Te 
UA RAH ADS AIC IMF CUS Gl CER 
BF 1953, 41, SBP 1954) (BECO RESIS 
Wo SiC), CLCHFA (1952) (HOM 
RRA SERORRECAALCEURL OCS 
45 CH LK. SOBURR RAM KOA 
ELEM AA AHSHEE LI, COR 
Te (TAD PDSREIT (LA MBC LRRTLO 
Cho, CHILTRAPERE 4LOLEMO HR 
ict SZ—-RHEL LC RURD Bo | 

fl) Heitz (1928) 23 H. imponens fa fkoO 
Me n=6~T CMELTOSAM, Chikwt 
6 < ABORABE GC n=6 G9, ZK Vaarama 
(1950) 23 H. cupressiforme © 10IL #384 
WOMANI BH < BHO A. plumaeforme 
& AUR (RS Clk DEW D> 

circinatulum ~C(<pPEyeta fe CX, Y) AH SH 
Ro tO X KU Y (2A AKOPRE CIRM 
CS BHAPEIC Is CORERRT LO CHSo 
APRICSET HUE reptile (LEO ROSH ch b, 
HHEMEIER C2 S23, 4O 2 (HO H (LEO 
OR BAPE VY CZHEN circinatulum O 
X ROY tBWELCWOS, LOT reptile D 2 
{HO H (& circinatulum DAA S HEMERLERO FLAKE 
ORE X KU Y >biph, trea 
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TOCEPBSENAMRERER LE ROTH ZLOG FRA LEMS AU, BUTN 4 MRF IL 8 CT HE 2 
(LbDEOD,. HOCKMORAMILKOM< HS FCTEDCWSAS, (PBI L b HWA 2 I 
EXX40DCH45 6 WIRD BAA BIC LOCH ZO CIEL, & 

A(n)=11=2V(X, Y)+4V+4+m(h) FECES CALE UGE  S Yea fK AL RL 

KAZ plumaeforme (LAU < (RAGE CH SD}, Do MDE RHO 8 (HOM EIA 

CALITHEMER PE CHS MS Ot _EACHEMERER 4 (52D 2 AI a re 
® reptile Din< 2 (FO H HEA LZet~e 1 fA QTC ON#ORISRILRHOT 7 2OG—KSE 
DH PROCS, MDM, HERRZHTH 1 DCHDNCRATMA CH SD, Rito 
(E3ED H AL, oo . SO Ye 7 BOWGIME LO CH aNKA BAAD EE A 
SK, THAAITILD (Ro CER TAERE Eb te OPRNC e AROIZIED Abe it LR AIELR AO 
DCOB4DCHSA5 « DOMALD SF dF 5 6 


Hypnum j& 4 DERG t HRD BE 


Résumé 


1) The karyotypes of examined four species belonging to the genus Hypnum 
are as follows; 

Q K(2a)=6=V(X)+2V4+2J+m(h) 

6 K(2)=6=VCY)+2V+2J+m(h) 

29 K(2)=10=V(X)+4V+4+m(h) 

& K2)=10=VCY)+4V +44 mh) 
Aypnum Fujiyamae (Broth.) Par. 9 K(#)=10=V(H)+4V+44 mh) 
Hypnum reptile Michx. K(2)=11=2V(H) +4V +44 mh) 

2) H. circinatulum is the basic species of this genus, and the other three are 

the hypodiploid species missing one h (HM. veptile) or one set of H and h (A. 

plumaeforme, H. Fujiyamae). 


HAypnum circinatulum Schimp. 


Aypnum plumaeforme Wils. 


40> 


3) The sex chromosomes X and Y which have been found in H. circinatulum 
and H. plumaeforme are the same in chromosomal morphology, but there was 
observed a slight difference between their heteropycnosis. 

4) The two H chromosomes of monoecious H. reptile may be the sex chromo- 
somes X and Y, because their morphology and heteropycnosis are similar to those 
of the sex chromosomes X and Y of H. circinatulum, etc. 


1 wm xX we 
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B. Div. 2, 4: 73-187 (1941) 4. Yano, K. Bot. Mag. Tokyo 65: 769-770 (1952); 67: 129-138 (1954) 


AB #1 29 & = 


oO ROO OE 29484 AL 5 3203 A 31 A Ee) 


eA DO BB 

2x if 599,640/3 | HY jie bee 759, 586F9 

SIYIFHY N—HELS 97, 743 ba = Ba 160, 360 

all hol {KR 63, 019 i 42 6 R&R B 19, 653 

BC BS 4 FU FT fi BA Be 230, C00 | XX = 8 & B 46, 445 

Fil ae 3/996 | RE ah BE GR oe 63, 514 
K &® 8 & B 67, 407 

yy =p 993, 628 +e 8 BH B 21, 480 

hi FE ee BS 473,174 & £ BH 7,456 
se a te = 10, 000 
eos =| 79,000 
aN ea 1, 234, 901 
KHER Be 231, 901 

aA =f 1, 466, 802 aN 2 1, 466, 802 

Tt) ee | oo) 3 wt A & 
ABS RM 20 425 A 228 CH), AR AM OU) HB ABSA: BEETS 
KA + HAD) Remy 684 


1. ARR: 1) Ceratium trichoceros D%4>B4 
CHASE, EK. HA), 2) Agarography 2 UX 
HPTLC £ SAEPATS@ZEE] Component Dp 
BR PEE SE, BOK. SERA, PPSRSEDR, FP LEEK, 
BUX. . EBB), 3) Picolin WRB LZsbkave 
Y FERC BLS OpRae CHTIRSEE, FFEBER, BOK. 
Be. 4EEE, PEASE, BOK. BHD, 4) 7 REAR 
R-PbOOARHME®X Aidt LD) 4K BORE 
CM TE=, RK. ART), 5) 44-FEG Psilocybe 
DERATV MICS SANITY 7 ORI RIO 
Vs CiGLUBER], RA. 4), 6) 74+ R7O 
FRA ROG IC Elm RICOVC CRIN Ep, 
HINAE, BRK. BE), 7 WMEBAROBED 
FIRICOUC CRARDEME, ESB) 

2. Bee, |S, Seapets 

3. Bake, CO 


Akin— CGE) DEST es-ESET 71 SIR Be 
rete * PB ES ee 
FE OR Gia) AURUTVS Y 1 7 BRE 
Leh > TAKA 1, 142 
YS Gite) BCAICSSABNER + HARTA 
IEIER—ARARET 1 
FRA CRAG) EXPAT BAKERY ry SER + 
led rSe PIAS Se BF PS RS A 
ey 


rEg 


= hE 

45 ASRS CH) FAIA EW Ee 440 

PE 22 EO SVAR TPA 255 PeeR 
Ea 


pT EH ERE Mi KL IPS 1ST SSS PTS GS I ISTE 2 SSIES 


ASGE TUGBA 30 42 2 A 12 


Bice seew alice Bret 


= CI LAA CHO RAR LETS 


HA fh ® % & 


SS a ST TEES. SS SW CT 


A Cytotaxonomtic Comparison of Parsley and Celery 


by Minosuke HIROE* 


KUL: NAV Len» ORAS 


Received April 9, 1955 


In 1814, Hoffman established the genus Petyoselinum based on Apium Petro- 
selinum L. The principal reason advanced was that in Apzum the petals are white, 
while in Petroselinum they are very light green. The writer believes that petal 
color is likely to be of very little taxonomic value. 

In species of the genus Apium, especially Apium Petroselinum L., the lateral 
branches appear to be the axis, forming a monopodial sympodium, while the true 
stem apex produces an inflorescence. In many Umbelliferae, on the other hand, 
growth is by quite ordinary monopodial branching. The fruit of the genus Apizum 
is small and ovoid or orbicular. Both Apium graveolens (celery) and A. Petro- 
selinum (parsley) contain the glucoside characteristic of Apzum. 

From a study of Apzum Petroselinum, Ogawa” concluded that the chromosome 
number is m=11. Recently, Wanscher?) reported Apium graveolens to possess the 
chromosome number of w=11, also. In the present cytological observations on the 
root-tip cells of A. Petroselinum and A. graveolens (based upon plants cultivated in 
the Botanical Gardens of Kyoto University, Japan), it has been noted that metaphase 
plates show 2n=22 (Figs. I-VI). Karyotype analysis of the two species showed that 
metaphase chromosomes comprise two sets of 11 chromosomes (Figs. H, IV-VD. 
Through observation of the karyotypes (Figs. IJ, IV) and idiograms (Figs. V-VI) 
indicates that there is a relationship of chromosome morphology between the two 
species. 

From the fact that A. Petroselinum and A. graveolens have very similar mor- 
phological characters, but are different in the karyotypes, it may be assumed that 
they are closely related taxa. I wish, therefore, to express this relationship by plac- 
ing them together in the same genus. 

Involucel conspicuous; petals light green; node of radical leaf with 11 leaf gaps 

CL COP BE tes Aon: NEO COTE ceed SEE EE Oe Pn iw. Aptum Petroselinum 

Involucel wanting; petals white; node of radical leaf with 19 leaf gaps ............ 

Bae Won S 2 enblt. 2 sete ieee loot ea ae wie. Aptum graveolens 

Apium Petroselinum L. Sp. Pl. 264, 1753. Synonyms: Apium crispum Mill. 

Gard. Dict. ed. 8, Apium no. 2. 1768., Petroselinum hortense Hoffm. Gen. Umbell. 163. 


* Department of Botany, Faculty of Science, Kyoto University, Kyoto, Japan. Sel ERS ha 
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1814, Petroselinum sativum Hoffm., op. cit., 177, 
Petvoselinum vulgave Lag. Amen. Nat. .103. 1821, 
Cavum Petroselinum Benth. & Hook. Gen. Pl. 1: 
891. 1867, Petroselinum crispum CMill.) Nyman ex 
Kew Hand-list Herbac. Pl. 3, 122. 1925. 

Type locality: “In Sardinia juxta seaturigines.” 
Distribution : Central and northern Europe ; adventive 
in America and Japan. The plant is cultivated asa 
vegetable. The karyotype analysis of this species 
may be depicted as follows: 


K(2n)=22=2°5 ASM + 9CSBSM 4 9CSM +4 gp st 
+10ES!@+4F 


The lengths of the chromosomes of A. graveolens 
and A. Petroselinum are shown below: 

Apium graveolens L. Sp. P1.264.1753. Synonyms: 
Apium integrilobum WHayata, Mater. Fl. Formosa 
1267 1911. 

Type locality: Europe. This has a wide range 
in Europe, North Africa, America (adventive), and 
western Asia to northwestern India, also in Japan; 
the plant is cultivated for use as a vegetable. 

B. Hayata recorded Apium integrilobum accord- 
ing to the specimen collected by U. Faurie 122, “in 
humidis Maruyama, Taipeh, Formasa”. The writer, 
after careful examination of the isotype and many 
other specimens in the type locality of this plant, 
concludes that A. integrilobum is merely a speci- 
men of A. graveolens grown in barren soil. The 


karyotype analysis of this species may be depicted 
as follows: 


K(2n)=22=2°5 ASM + 9BSM + gCSt4.9p+49F 


The writer expresses his cordial thanks t2 Prof. 
S. Kitamura and Prof. L. Constance (University of 


California, U.S.A.) for their guidance, and to Prof. 


M. Shigenaga for his guidance in the cytological technique. 
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Figs. I-VI, Metaphase chromosomes in root-tip cells of Aptum FPetroselinum L. 
and Apium graveolens L. taken with a imm. obj. (n. A. 1.25) and a periplane oc. of 
C. Zeiss and magnified by x 2000 (pretreated with 8-Oxyquinoline and stained with 


Orsein). 
Figs. I-II], Somatic chromosomes (2n=22) of Apium Petroselinum L. Fig. I, 
Photomicrograph of metaphase plate. Fig. IJ, Schematic reproduction of Fig. I. 


Figs. III-IV, Somatic chromosomes (2n=22) of Apium graveolens L. Fig. III, 
Photomicrograph of metaphase plate. Fig. IV, Schematical reproduction of Fig. III. 


Fig. V, Chromosome idiograms of A. Petroselinum L, 


Fig. VI, Chromosome idiograms of A. graveolens L. 
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Observational and Experimental Studies of Sensitive Plants V 
The Development of the Tannin Vacuole in the 
Motor Cell of the Pulvinus* 


by Hideo Toriyama** 
RSURME: AY YY ODE V BERL OMEMIMBICIAG 2 2 =Y ROR 


Received April 30, 1955 


In the previous papers of the series of this investigation, the author has con- 
firmed the presence of tannin vacuole in motor cells in Mimosa pulvinus, and des- 
cribed their morphological differences of the motor cells, before and after receiving 
stimuli (Toriyama 1953, 1954). In the present investigation, the development of 
tannin vacuole in the young plant was demonstrated in the fixed materials. The 
observation of the origin and development of tannin vacuole is of important sign- 
ificance to make clear the minute structure, together with the physiological function, 
of the vacuolar system of the motor cells. The writer wishes to thank Prof. Siré 
Tarao who has given him much good advice and encouragement throughout this 
work. He also thanks Prof. Shun-ichir6 Imamura of Kyoto University for his valua- 


ble suggestion. 


Material and Method 


The very young primary pulvinus of the seedlings of Mimosa pudica was mainly 
employed as the material. In comparison with this material, the pulvinus of Robinia 
pseudo- Acacia was also employed, thus the object of making sure of the develop- 
ment to tannin vacuole in the motor tissue has been attained. Mimosa was cul- 
tivated in the same manner which was described in detail in the previous paper 
(I.c.). For the observation of the motor cells before receiving a stimulus, the plants 
were exposed to ether vapour for 15 to 20 minutes. Thus, the pulvinus of these 
plants did not respond to any stimuli. To demonstrate the tannin vacuoles, the 
material was fixed with Kaiser’s sollution*** or Champy’s fluid. The sections were 
cut 8 micra and were stained with Mallory’s triple staining. The combination of 
Kaiser-Mallory’s technic made it possible to demonstrate the origin of small vacuoles 


* Contribution No. 17, from the Biological Section, Tokyo Woman’s Christian College. This 
report was presented at the annual meeting of Kant6 district of the Botanical Society of Japan, 
held in April 1955, in Tokyo. F\Bistor. suas 10769 

** Biological Section, Tokyo Woman’s Christian College 
*#& Kaiser’s solution is composed of 10 gm. of sublimate, glacial acid 3c.c, and distilled water 300 


c.C, 
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by their brown staining, which is indicative of the first stages of the tannin vacuoles. 
This brown color by orange G is due to the appearance of the tannin substance which 


may be stained black by osmium salt. 


Observations 


Experiment 1: As stated in the foregoing paragraph, with a purpose to know 
the origin and the development of tannin vacuole in the motor cells, the author tried 
first to demonstrate the tannin vacuoles in the very young seedling by employing 
Kaiser-Mallory’s method. As shown in figure 1, very 
young seedlings which were cultivated in the laboratory 
room have leaves with petiole and primary pulvinus. 
Some of these plants, however, do not respond to the 
stimuli. In the motor cells of these plants the cytoplasm 
occupies, in most cases, the greater part of the protoplast, 
and there appear no vacuoles (fig. 2). In the plants 
which grow a little more than the foregoing material, the 
vacuoles with no tannin substance develop in the proto- 


plast of each motor cell as shown in figure 3, while in 


Fig. 1. Seedling of Mi- some plants, very small tannin vacuoles appear in the 
mosa pudica. p, young pri- 


‘ protoplasm of the motor cells. Contrary to expectation, 
mary pulvinus. 


these plants with the tannin vacuoles did not respond to 
the stimuli so well as the very young material without tannin vacuoles. From this 
fact it is extremely suggestive that the presence of the tannin vacuoles is by no 


Figs. 2-7. Successive development of motor cell, 
8, appearance of vacuole 


x 800. 2, very young motor cells 
4 and 6, protoplasm around large central vacuole 5 and 
7, appearance tannin vacuoles. Arrows indicate the tiny tannin vacuole 
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means relevant to the ceismonasty of the motor organ in the young plants. 

Experiment 2: The plants were brought up in the pots exposed to the open air 
in the field. In the epidermal cells of the pulvinus and petio'e in these plants, 
anthocyan is found to be formed. These plants respond to the stimuli. In some 
plants, as shown in figures 4 and 6, the cytoplasmic layer exists at the periphery of 
the cell surrounding the central vacuole, and does not contain the small tannin 
vacuole. In other plants, small tannin vacuoles, with almost the same size, appears 
in the protoplasm as shown in figures 5 and 7. There is no sign of change in the 
motor cell in both stages of plants before and after receiving stimuli. From these 
data it may be concluded that the tannin vacuole does not take part in the seis- 
monasty of the motor cell of young material. 

Experiment 3: Tannin vacuoles develop more and more as the plant grows. 
By Kaiser-Mallory’s technic, the difference in motor cells before and after the bend- 


ing movement in grown material can be observed as shown in figures 8 and 9. In 


Figs. 8-11. Comparison before (8, 10) and after (9, 11) stimulus, x480, 8 and 
are from the materials treated with Kaiser-Mallory technic; 10 and 11 are those 
fixed with Champy solution, 


the motor tissue before the stimuli, the tannin vacuoles appear very cleary. The 
structural details in this phenomenon have been already brought up for discussion in 
the previous paper®’. By the fixation with Champy’s fluid, more particular details 
are observable. In the anaesthetized plants the tannin vacuoles appear to be large 
and black with osmic acid as shown in figure 10. After the bending movement small 
globular vacuoles appear in the motor cell (fig. 11). These vacuoles and the small 
granules which are thought to be the result of disintegration of the former, are 
stained both black with osmic acid. This phenomenon is observable by other fixa- 
tives, ze. by neutral formalin, or Buoin’s solution. 

Experiment 4: (Comparison between the development of tannin vacuoles in 
Mimosa pudica and that in Robinia pseudo- Acacia). 

It is a well known fact that the leaflets of Robinia pseudo-Acacia display the 
“sleep- position” (nyctinastic movement) in the nocturnal condition. ‘Tarao and 
Toriyama» and Toriyama® briefly reported the behavior of the tannin vacuoles in 
the motor cell of this plant in the day and the night time. The young pulvinus of 
Robinia was fixed and stained by means of the same technic as in the case of 
Mimosa. Figures 12, 13 and 14 show the successive stages of the development of 


tannin vacuole in the motor cells. In the large liquid vacuole appears the semicir- 
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cular tannin vacuole, which gra- 
dually increases in size as the tissue 
grows till at last the tannin vacuole 
occupies the central vacuole. Ac- 
cordingly, the large tannin vacuole 
is surrounded by the thin periphe- 
ral protoplasm (Cig. 14). Such 


13» 


Figs. 12-14. Successive developmental stages of 
motor cell of Robinia pseudo-Acaica. x 800. : 
details were not to be seen in the 


motor tissue of Mimosa in any of the plants. Thus, it may be regarded that the 
difference of the vacuolar system in the motor cell between Mimosa and Robinia. 


Discussion 


From the experience in the second work of the present series of investigations 
which deals with the modes of staining reaction of the tannin vacuole in the motor 
cells after Kaiser’s fixative, it has been realized that the combination method of 
Kaiser-Mallory is the most suitable for the differentiation of the tannin vacuole and 
the cytoplasm. 

It was observed that the protoplast of the young motor cell shows no tannin at 
a certain stage of the growth. The vacuoles are very well fixed in Kaiser’s solu- 
tion. These minute vacuoles develop more and more till they become a large liquid 
vacuole (figs. 3, 4). Through the same procedure, the origin of small tannin vacuoles 
appears clearly in young motor cells. Thus these two structures are distinguishable 
from each other by their staining properties and from 
their development. Went, Klercker and Lloyd* briefly 
reported the existence of two categories of vacuoles in 
the mature cells of numerous plants. Mangenot?’, also, 
could differentiate the tannin vacuole from the non-tannin 
vacuole of motor cell of Berberis vurgaris and Mimosa 
pudica. Therefore, it is unreasonable to regard the exis- 
tence of two categories of vacuoles as an exceptional 
structure in the plant cells. Figures 15a@ and 6 show the 
structure of the typical motor cell before receiving a 
stimulus. This material was fixed with 10 per cent neut- 
ral formalin and stained with neutral red. This technic Fig. 15a, b. Typical mot- 
made it possible to demonstrate the tannin vacuole by its oF cell of Mimosa pudica 
red staining, and the cytoplasm was observable cleary ay ae 
rae malin and stained with 
adjacent to the cell wall. As stated in the previous neutral red. x 800. bis the 


paper”, it must be concluded that Aimi’s workP was in- sketch from the photo- 
graph a. 


can. 


sufficient from the cytological standpoint concerning the 


* Cited from Guilliermond2) 
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motor cell of Mzmosa. Indeed, in order to understand the cytophysiological me- 
chanism of the bending movement, it is necessary to observe the minute structures 
precisely. 

From the available data of experiments 1 and 2, it is concluded that the presence 
of tannin vacuole in motor cells is dispensable in the mechanism of the seismonasty. 
Concerning this, Molisch® stated briefly that the tannin vacuole has no direct con- 
nection with the sensitivity of the motor cells, but plays some role upon the regula- 
tion of turgor of the motor cells of Mimosa. The present author has the same 
opinion as that of Molisch. These problems should receive the earnest consideration 
of the physiologist. By Kaiser’s fixative, a change in the tannin vacuole appears in 
the motor cell after receiving a stimulus, and by Champy’s method numerous granules 
are observed inside the central vacuole. It seems that the tannin substance is mixed 
with the protoplasm or the some chemical substance in the large liquid vacuole. 
Perhaps such mixing is brought about by the change of the colloidal state of the 
protoplast of the motor cells. In any case this phenomenon seems to be the result 
of the bending movement. As the author’ briefly stated, the potassium solution is 
issued from the motor cells into the intercellular spaces. These migrations of pota- 
ssium may be, in the same way, caused by the mixing of tannin substances with the 
protoplasm in the motor cells. 

It is a well known fact that the tannin substances are contained in the guard 
cells of the stomata, and in the motor cells of some plants*. The author’s experi- 
ments in this work do not support the view that tannin vacuoles have a direct con- 
nection with the seismonasty of the motor cell of Mimosa. Nevertheless, as already 
stated, a large tannin vacuole always exists in the motor cell in the adult material. 
From this fact it can not be overlooked that the tannin vacuole might take a certain 
part in the.seismonasty of the motor organ of these sensitive plants. The present 
author supposes that the tannin substance has, with all probability, a physiological 
signifficance for the regulation or maintenance of turgor of the motor cell. Further 
examination on the migration of substances, especially tannin substance and pota- 
ssium in and out of the motor tissue may be critical studies to elucidate this problem 


from cytophysiology. 


Summary 


The available data from the present study concerning the development to the 
tannin vacuole in the pulvinus of Mzmosa pudica may be summarized as follows. 

1. By fixing the motor tissues with Kaiser’s solution the tannin vacuole forma- 
tion of all stages was demonstrated. The protoplast of young cell, which contains 
vacuole at first, begins to have a tiny original body of tannin nature at a certain 


stage. 


* mentioned in Toriyama? 
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2. The presence of the tannin vacuoles is by no means relevant to the sensitivity 
of the motor cell in young seedling. 

3. As the result of the material confusion in motor cell, which may be caused 
by the’ bending movement, the morphological change in the tannin vacuole appears 
in the motor cell. 

4. In the young pulvinus of Robinia pseudo-Acacia, tannin substance appears 
in the central vacuole of the parenchymatous motor cell, forming a vacuolar appea- 
rance. In the full grown pulvinus, the tannin vacuole finally fills up the whole cen- 


tral vacuole of the cell, leaving no trace of the latter. 
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III The osmotic value, the isotonic and the permeability coefficient 


As for the osmotic gradients of saccharose in the cells of the prothallium which 
were in developing or in the adult stage, Gratzy-Wardengg®) reported on Nephro- 
dium filix-mas and Struthiopteris germanica and Reuter!® studied also, by glucose, 
on Dryopteris parasitica. These authors, however, had not treated the isotonic and 


~ The expences of this study were partly paid by the Grant in Aid for the Micellaneous 
Scientific Research from the Ministry of Education. 


** Biological Institute, Faculty of Education, Yamagata University. WASABI peas 


July—Aug. 1955 Bot. Mag. Tokyo, Vol. 68, No. 805—806 209 


the permeability coefficient. Using various reagents for four species of the fern- 
prothallia, the present writer decided the osmotic values by means of finding the 
incipient plasmolysis in graduated mol-sclutions of the reagents, and then decided 
the isotonic and the permeability coefficient in detail at each region. 

When the limit concentration (Og) of saccharose and the other plasmolyticum 


are C and C’ respectively, the isotonic coefficient (7) is calculated from the ratio of 


C to C’, viz. 7 is led from the formula of De Vries, j==-G,and the permeability coe- 


fficient (“) is acquired from the formula, »=1— a which was given by Trondle”.2), 
In addition to these data, the atmospheres were calculated from the limit concent- 
ration of saccharose by the formula of van’t Hoff, P=—_-RT. The increasing gra- 
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Figs. 10-15. The osmotic value (Og), i and y. of the various reagents and the 
correlations among them in the fern-prothallium. This experiment was made from 
January to May. 1954. Ai Asplenium incisum Thunberg, Tj Thelypteris japonica Ching, 
Lt Leptogramma totta J. Smith, Lm Leptorumohra Miqueliana H. Ito. 


dients of the osmotic values were also shown in figures which were the percen- 
tages of the increased value at each region to the value at Region I. Of these results, 
Og, z and pw will be described and the correlations among these results will be given 
by graphs in Figs. 10-15. 

The cells of the basal protonema possess the low limit concentrations, this is, 
the low osmotic values; on the other hand, those of the apical meristem show the 
high. Namely, the osmotic value is lowest at Region I, or I and II, and is highest 
at VI. In other words, the osmotic value is low in the cells of basal pole formed 
earlier than those of apical pole, and the latter have the high osmotic values. It is 
interesting that the gradient of the osmotic value is found between the basis and 
the apex of the prothallium, and in all cases as the region approaches the meristem 
region from the protonema one, the osmotic value increases by degrees. As to the 
ratio (gradient) of increase, the difference between each region and Region I or be- 
tween the neighbouring region each other is not equal and the nearer the region 
approaches the meristem, the greater the gradient becomes. 

The osmotic values of the electrolytes were lower than those of the nonelectro- 
lytes in fern-prothallium also, for instance, while the osmotic value of KCl was 0.28 
mol., that of urea was 0.7 mol. at Region V in the prothallium of Asplenium incisum 
Thunberg, though some electrolytes such as AICls, MgCl, and Na,SO, presented more 
or less high osmotic values. 


The isotonic coefficient is apt to decrease and the permeability coefficient gene- 
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rally shows the tendency to increase as the region comes near towards the apical 
pole, although sometimes this phenomenon is disturbed at some regions. The fact 
that the permeability coefficient of saccharose to CaCl, is negative (viz. <0) seems 
to be explained that the substance of the latter penetrates into the cytoplasm less 
than that of the former. The examples like this are found also in KCl, KNOs, and 
NaCl. The atmosphere of the prothallial cell at each region calculated from the 
osmotic value of saccharose by the formula of van’t Hoff is naturally lowest at 
Region I, or I and I, and highest at VI. The extracts of these results were drawn 
in graphs (Figs. 10-15) as above-mentioned, and though there were some differences, 
the osmotic values (Og), ¢ and pw of all species were almost in parallel in their 
increase or decrease. 


IV The permeability of reagent (Deplasmolysis) 


The purpose of this investigation was to find out the characterized permeability 
in the young and the old cell of the prothallium. The plasmolytica to which the 
prothallial cytoplasm showed the high permeabilities and in consequence the marked 
deplasmolyses, are urea and secondly glycerin, while with respect to glucose and 
KNO3, especially the other reagents the good results of deplasmolysis could not be 

obtained. Concerning the results of 


Sar ig ee Ai . * 
PASO Se Se WIG. duke Le the present experiment, the writer 
220 : ; treated chiefly urea and glycerin as 
200 Reuter! pointed out. The dura- 
it . ; ; ; 
180 x i tions in which the deplasmolysis 
160- {f 2 en finished in urea- and glycerin-solu- 
§ 140 I: ( ) Urea. 4. tions were estimated, and their ex- 
3 : | 0.80 mol. } : ; 
3 120 "Urea tracts will be reported in Fig. 16. 
{ ee inal Judging from the data in Figs. 


0.80 mol. —- 49-15, it is found that Region I has 
Glycerin 


the lowest permeability and V the 


1.00 mol. , en 5 
naa highest, because the duration por 
; deplasmolysis is longest at Region 
ates Ts the progressive decreases is 
Heitor. iy vom ot T and ee . 
Region recognized according as the region 
Fig. 16. The durations of depiasmolysis in urea- comes near the meristem. ‘This fact 


and glycerin-solutions in the fern-prothallium is contrary to the result on the 


duration of plasmolysis. In reference to the correlation between urea and glycerin, 
the following fact was found in 0.6 mol. urea- and glycerin-solutions in Asplenium 
incisum Thunberg (Fig. 16), that is, urea is more permeable than glycerin to the 
cells of the basal pole (neighbourhood of Region I) and on the contrary glycerin is 
more permeable than urea to the cells of the apical pole (neighbourhood of Region 
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V). Therefore, it is presumed that the cell in the neighbourhood of the protonema 
Colder than the meristem portion) is the urea-type and the cell in neighbourhood of 


the meristem (younger than the protonema portion) is glycerin-type. 


Table Il. The deplasmolys’s in KNO3-solution after 24 hours in the prothallium 
of Thelypteris japonica Ching 


Regions 
Mol. Remark 
I Il III IV W VI 
0. 22 ats + = 
0. 28 ze ele + i QUES Ve, 
0. 32 legis 5E 5 ate ic af WES 
0. 34 =fe f= ss a ais se ar 


The deplasmolysis of the prothallial cell in KNO3-solution in a certain duration 
was that at the region near the meristem the deplasmolysis occurred, but in the one 
far from it the slight deplasmolysis arose or not (Table V). In short, at the neigh- 
bourhood of the apical pole the deplasmolysis occurs earlier than at that of the 
basal pole in the longitudinal polarity and though no correct observation was got 
in some cases, the same results seemed to be given also in the tangential or the 
radial polarity. (to be continued) 
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(EE, BSc Uc, POs (MERIT oO Gee 
= VA — BENE EL CAA IREIIT AS Fel & te 
L, MgO (87h R747, HAV (TBH e 
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ULCMmHe, P205 DIRBICELKIREMRIIEL 
{NOM 

CaO, K,0, MgO 7¢ & % CaO/K20, CaO/MgO 
DJEBPboAZLEKIT, HRMEUcCHERCEK 
Chas, KOCMULCILH BICONE 9 
BALK S. K (LMI BAOMBC AS ko 
DMS L, Ca LONE MoOMsS PAT 
5&#2b5bNHAZOE CaO/K20 2KGRBOK 
DOI LCWSEBLONS}|YM, CHEXNLT 
CaO/MgO AxkFOHMSOBEWOLODIE PSV 
Grea yin Tenors 

CHEOMARD SAS & FES MIAls P205, MgO 
BvD < HBVEBAVDS <DD, N 3% PoOs BS 
DY ¢ AETAPEDSES < TOTWO SV ID & & AFR S 
So 

CHIEF SCHR ILEORW4O, LBS 
OM 4 OF EMBASE ¢, ERT 
ly PUM ZAI, Sean, KoOl Peabo 
SEX 6 BHI UCLOMHEK BUSES 
DABA RD CWSrLEARFAW OID, PEP 
DOMMES, HUF RIC LAWBe 
CPO DIMER Cis, MAB (2 A) 
HELA LOMASH, (HAOWIABH OF 4 
StMbn, -P2,05 Dipvb, MgO Oipd7e EAS 
mt kL 5 CERO Ze ARL, N OF, 
P205 Die) d DS iHAHED EK FAS 2bNS, 
FMC LOCtOBPAOREKEOSSZCLSG 
lat SUBD, RRC Y FHL HI 
OV CAR CRE Is L OBES DAY DTP 
IL, EOL 4 EMMA LICBMe ts LIST D 
RHERT SC LACE SA, ERM MO MSE 
FORACMENOERRIE CRE CBC CL, 
SEE DUBE TIT ARSEBEI & < IR LC 4h FOTO 
Gh, MRE: CO RbD ORNS BT ZLoO 
(Ee by Uae 


Vif = 


AUCH, TALIA, PERERRR ER: & ONT BIE 
O¢AKEHAFABAC REL (EER BEOEE 
1376, ESSA (SPIER DATED 85%, HERDS 
2 2%L LK), YIAYOSFEMSOCHBEO 
PRIX CH Le. CH DOME 8c ROCKY 
14 7 ARCKPEROMEA, PER 71 NS, 
Saka it, MRSS Ce LOXNCOFO 
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HELE oO 3) BO eakse-e KoO OS HITE FICE <, 
1) VFA Y OFFBEAT Giz <, HE Kar, SiO:, POs (LabpePORice< ZEW 

kot DAB 2 5 I -C HCE F GIR < kB. HEEOR CWS. WK OBRICIL SRS, SiOz, K2O 23 

PALER ECCS LY, BEE GILPEE B\ 23, HX GClk CaO, MgO 24>, 

DAHER DMRS NOCHE COMA HABA LEE LOCH E DO, 
2) #O7e vy 74, SEITE, + TIKFNE ROCHON FY ADEN S|NR, FEE 

HESS OF SMUI ARRON APC (2 HD Brie FP CLE RMA ZCWAES CHS 
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Résumé 


Compensation point, content of chlorophyll, total nitrogen and minenral elements 
in the leaves of Shirakashi-seedlings (3 years old) cultured under various conditions 
of light intensity and soil moisture were surveyed. Four experimental plots were 
established in a green house; viz, a dry and a wet plot in the light and in the 
shade respectively. The seedlings were cultured in those plots, for about 14 months 
(relative light intensity in the shade plots being about 13%; soil water in the 
wet plots being 85% of the capacity, soil water in dry plots being 25%). 

The results obtained are summeraized as follows. 

1) The compensation point of the leaves of Shirakashi was not only affected 
by the light intensity, but also by the soil moisture. By the former it was remark- 
ably influenced in the dry plot, while scarcely in the wet. 

Under the same condition of light intensity, the compensation point was strik- 
ingly influenced by the soil moisture, namely, it was lower in the wet than in the 
dry. 

2) Chlorophyll content of the leaves was higher in the shade plot than in the 
light, and it was not affected by the soil moisture as far as this experiment was 
concerned. 

3) The contents of total nitrogen and K,O0 were larger in the shade plot, on the 
other hand, ash, SiO, and P,O; were contained more in the leaves of the sun plot. 

Relatively high contents of total nitrogen, SiO, and K,O were observed in 
the leaves of the wet, while the contents of CaO and MgO were smaller in the .wet 


than in the dry. 
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Karyotype and Sex Chromosome of Bartramiaceae 
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B+ tf (Bartramiaceae) D4 6¥ 7 27 
 (Philonotis) O#fafRIC BIL CRB ate 1 
P. fontata -G Heitz) 23 n=7-8, Vaaramad) 


EO 7HRURMUCY 27277 ROZT AVE 
(Bartramia) © 2 BOPEARLBBL, HEL 
CEPEOPUR EDK, TORPBRYI aT EO 


26 VRS LAC MT, BRIS EA AE CISHEZEALHS DILL, BI405 60 
Table I 
am ea) AER za HE SUD 
Philonotis falcata (Hook.) 9 | 6 V(X) +3V+J+m(h) BS 
Mitt, 3 6 | V(Y)+3V+J4m¢(h) Pats 
P. japonica (Schimp.) 2 6 V(X eevee h) ee ; 
Par 3 6 VOY 4 BVT mehs a te AB We 
. : fe) 6 V(X)+3V4+J+m(h es (es 
P. carinata Mitt. a 6 WY Lavi emeh a5 Ye 58 He Ly 
P. lancifolia Mitt. g 6 V(H)+3V4+J+m(h) iN 67 SLY 
P. seriata, Mitt.) 6 V(H)+3V+J+m(h) wh =O 
Be ame (Schwag.) 3 6 V(H)+3V+J+m(h) a 
P. socia Mitt. (—f%tk) 5 6 V(X)+3V+J+m(h) 
a 8 6 V(X)+3V+J+m(h) if dik 
el de Syria) $ 12 2V(X,Y)+6V+2J+2m(h) 7S We 52 AB Ly 
Pee ee : ; 
eae pomiformis (L.) 6 8 V(H)+3V+2J+m+m(h) > om Wy 
B. crispata Schimp. Q 8 V(H)+3V+2J+m+m(h) m= .8 1 
ai 1) MESURE © 2) +c 


* BUDO} 697 27 BIC t ZWD (kL Be 
19 [Bl A ASHE FRSC CARRIER Leo 

8 SOSA aS er Fe ss 
(Biological Institute, Takada Campus, Faculty 
of Education, Niigata Univ.) 


1 CLARA 4AM LEOG, LFOH 
SORRICOWCHETS, 

DIFC IV 7 REO A, PERI De O RAE BI 
Table I ON< C0, BPMN Btayel rap 
HOUSES LARCEA, 
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1) Philonotis EO FRAY BO PES 

Table Il Waytha<, P&H Philonotis 
l&® 7 BR CP. falcata, P. japonica, P. carinata, 
P. lancifolia, P. seriata, P. Turneriana, BRU 
P. socia D—fifR) OBE AIWILAI4 n=6C, 
COPBMILTAC 4V+J+m CES, ELTX 
WEOREAD 5 DEBKO V LEBhO m dit 
1hOS < OH MOBS LARC RRLEARG, & 
aren HRU bh GRIND. BICHSE 7 fh 
®4 % falcata, japonica, carinata J%Us socia D 
(EKO 4 RE CITMERED RAR HR LED, 
4D H (SHEED [}-C Fes Ba BIC FEED O 
TC, CHISEBEARCESSO LMdHHPoOK, EL 
COPS 4 OMAR AORTILAIE CMe 


Figs. 1-12. Philonotis falcata DYfS fe & 
Chromosomes and heteropycnosis of Philonotis 
falcata. 
1-4. 9 gametophyte 5-8. 6 gametophyte 
9. Serial alignment of the chromosomes 
shown in Figs. 1, 5 10. Sporophyte 11, 12. 
Meiotic chromosomes at the Ist metaphase 
and anaphase in SMC’s x 1330 
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So CALCU PEEL P. falcata ow, & 
Bef (RO FARE ONC EYE PRA HE tS Zo 

P. falcata (Figs. 1-12) OEE D VEYA X 
(SHO Wn < BATH AO V IY pK Yefapk 
DFP REDC—- RIED FRM BLS, BIC— hi GE 
B)* OBOE CGBD* OPC tHe 
au 1 fii DOnt 2 (HOT KSPEDID NZ, EK 
NS GIO — YR ERZAEITSS CdD CIRIC (LERD 
BV BE6hSR, TOWSCELAMILEOXMRK 
ROMs CHE, TOA X OFS 
Mlk W FBR LUCH DNS T EBB, XO 
FLO BIR, thitABOM WE 
72k OL FORRBIMAS &, Zvi Bo Shey 
CHS (Figs. 3, 4), 

Y SIERERARTHIRKD V PEIRG, tO 
ASF SLX LUTAMAKCEHS. RLIAKPRBIL 
X £40, FOIL, tHILAMWOB 
pa D567, AICIE X ICA SAKE REDS 
G2 BILL. BIS YL BEAT oT EXE 
24, Bld Y ee LE OL MABE GHEE AL, 
X DAW DG DLE BT O LILA ICE 
SEW fl Y +o ehiosigon FENG alr X & fal 
HEeChS (Figs. 7,8), FEO Y OFA HE 
MOE ¢, COAHI7TE LARIEIGIC 38 \>-C EVE 
ORGAO TNL O GBITKES Vo 

FLALO 5 (HOYLE PRIL MEMES < FET CHA, 
ZA 83 HD V, 1 THO J, 1 fo m Lon 
So ©D m (LEEMORMODE & ARIE A th 
h GhSo CLC, CORB BRITAIN DK 
FAG LIE LIZED ABIC FB 5114, 

DAOGRD SLAROYMLKOM < RSH 
Do 

9 K(n)=6=V(X)+3V+J+m(h) 
8 K(n)=6=V(Y)+3V+J+m(h) 

AFP FURR P PY RIT IL 2n=12 OBL (KASGB 
HV}. MSE OBA CLM YO, 2 (HAS 
BAKO 5 WO MAAR L, KEY 
DMD oprie (Fig. 10), cOMSIM—MAR 
eX EY EAMSNADCMAOBRO Leite 
BACHE, Cho LORCA SC 
WEN XY OMMRL SL —-RMLK. ERF 


neds oe FRAC RBA 2 4 Ole Ae 
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FEAOMICIX XY KU 2 (HO h HT Sat 
4 {OM BBA AL bn S, 0D454 562 HO h 

D) FEE WEEP IT (LSE D FED FB Sritwoes, X 
% Y LOSI AIBEKR CH ap OTE E ROR 
RAMA bn Ko 

OF AED BU — Fer ik GIL shh 
bh (Figs. 11, nee fa a8 ae 5 6@ 1 flr 
D5 fi E PES INES O LIL LISP TBI 7S 
Ft. Moc OT MARAIS 2 sen elae 
DRELTCWOHo MONIT CHO 5 (AICSGA 


Figs. 18-26. Philonotis japonica 4} 6 f&O 
BEAR & FU ia 
Chromosomes and heteropycnosis of Philonotis 
japonica and other six species. 
13-18. @ (13, 14) and 6 (16, 17) gameto- 
phytes and sporophytes (15, 18) of P. japo- 
nica 


19, 20. 2 (19) and @ (20) of P. carinata 
21. P. lancifolia (2). 22 P. seriata. 23. P. 
Turneriana (8 ) 

24, 25. Bartramia pomiformis (6) 26. B. 
crispata (6) x 1330 


UCHHELHD S28, WIRICEEF ZO(RBL OL 
BL OGSENS. © OME (RL X-Y Oxf 
ScRESnNS. RUMMITHS X kU Y oO 
ZEB ORS S OPN (L A PLA 2 7E BLD OI 
TEDDWR, WO 5 (HO — MAB AKIK I GS 
BEECH IC, BCMIN - ABAK HE 
PRIA BE LIS ISTIC RIC BES AZ (Fig. 12), 
P. japonica, P. carinata Jets P. socia D—(% 
PRC 4 HEME D BURR D ALE ERD Eble ee FFL, HT 
joponica CL FEAR Yeah 4 MB Lic (Figs. 
13-20, 27-34), OPERONS 3 Meh eS 
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(KPH LK MLCT OMREACHE, A 
WHORE, ROOMBA KOEI. falcata 
DENELE—-M Leo PHOTO CIL ONS OR 
ike BMT So 

P. lancifolia -C\xHHekR, P. Turneriana ~C\tié 
FR, P. seriata G(LVERI BEES BUPRIZ OV CB 
BeRTOK, CHEOBMAS falcata BONE 
AREGhoOt (Figs. 21-23), 


2) Philonotis socia Mitt. DSA TE EME 


APHIC (LAA 2=6 RTL OO thle n=12 
OPA tRA AI Siri (Figs. 27-38). 
b2dOd0 < fe THERERER CHORD, fa 
TRITMERERTER Cd Do COLRORKO 2 fs, 
Rid V BORA AR H ChS. Ho 
ii) H (LIZ RED US GEE IA C AICP PRO, 
WA ONC (Lbid fa RO: # BK X 2B Y fel 
CMD bNKELaS< AREA SNS, HOT 
CNS 2 HO Hit, CORB OPMEAIE 
CTA C—O SHEME RR, =f PRDSMEMETRI ER Cd 
HRD OHBLC, Then X ko 
YGGS S56 


Figs. 27-38. Philonotis socia D—(5fR & = 
TPR D Bete th & RENE 

Chromosomes and heteropycnosis in mono- 
ploid and diploid plants of Philonotis socia 

27-80. 9 gametophyte of monoploid 

31-34. 6 gametophyte of ditto 

35-38. | Gametophyte of diploid (¢). 

x 1330 


EOD 10 HORAK 5 BEND 2 Hit B 
Bee hh Ch ADS, LOMRORRELU Be 
WELEIS—((KO h & <TR CH DO, ALLO Wy 
TANT (STS OPED IBD IVIL (HO 8 HD BYe 
tL 6V, 23°C, CHEI—-AHAKO 4 Ho 
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RAK LAO 2MOWEMICHt HS’, MS 
SfRAROBBARIIIBA ES < —fPRO HEED 2 (A 
AMEE HEL DIC-RF 4S, HOC TOBA 
ROMS MENSZNB4LOCHAS, 


Table II. Philonotis socia O— 
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chum), »4 +78} (Aypnaceae) D4 +r 
I (Aypnum)), BICAREO X= 27 (Bar- 
tramiaceae) D9 27}, (Philonotis) eRe 
AREER LR CHOOSER beep 


(PK & AR PRO HDR ALO Lae 


(Comparison of the surface area of cells between the monoploid and 
the diploid plants in Philonotis socia) 


Monoploid Diploid 
| a = M2/M, 
n | Mt ae j00) (a BZ ae. Sau) 
| Leaf cells (12) | 225 | 233, 4 5. 26 225 362, 34 8. 33 1, oS) 
Carsule wall cells (22) 225 | 486. 4-11. 20 225 689, 5418, 30 1.42 
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Cen) — 2 Vi Xs ys) ender ae: 
Table Il (2ARO—AEKRL =O MOR 
ne Ne aan 
fa PS(L— fet SE LLU BAILE RLTWOS— 
PR LS ONT (RE LOB DIMITRI EL 
BIviz\>o 


3) Bartramia B, 2 GOH 


BREN KARO 2 f& (B. pomiformis, B 
crispata) (Tt 4 HERE CHS. COZ DSB, 
pomiformis D#ABIC EL Cc tk Heitz) 23 
n=7—-8, BE? 23 n=8 CHALE. BRITA 
BORMMt Et ZAMeUC hid 2 BOREAKD 
HARE BBL. CORREO LEAK 
AUIS < AER CRON S REND. 

6 K(n)=8=V(H)+3V42J +m+m(h) 
Rl Be RRS RAO RMS &—MLKRo WO A 
Eth CHIZHBLROCWZDILKROLA CHS. 
Bld, C1) RKOREK (V) LRA4AK HG 
dD, CHORE RTM 2 AMD tO 
RCHEOCHHEKELCEL < BHR MD 2s D 
Wo Kk. (2) M)7e m 2: 2 fHASN4S2;, b 
1$2D5 6D 1 [FHOACHOCO m (LAK 
Mie mS. MERAH Ch) CHUCK 
KF 


& & 


set 7 2° a 7B} (Polytrichaceae) © 3 jg, BD 
bAx wT, (Polytrichum)), = 7Ax +v7\iB 
(Pogonatum)!, RF aT eK +B (Oligotri- 


St (1) 2¥# 278 8 Belt XY Micxe=s 
RUBIO EDS 0, XIX Y LOP CREW, 
Ltt X OAM YOZHNEOSCVLEWBCS 
So Ble X OAPUC(LHRPICIRREAE GS 
WOOD? Y (lLHM SHE, (2) »4 77 RC 
(kK XY fACAS SKVUBMOELBY Stig 
Vo REPELS GENTE IT AA DB) bLD_ (3) H 
7 tie Cle XY BUCKS S OBL ds, Ae 
PAC Ha AY TT 3 ROMA OMS HES: 
YO, X OAPMICL—IRRADHSAY lko 
WAM SAW, Bis Bes bad- 4 eT Re 
ARR TERA b11S> 

DED GA < BBO PE AARITIL RO UNS HBP 
LOUFHED L6G, A) XY (LICR BR 
H G9, Crit MR RIRKD Mk BES AE 
EK ChHS— (2) XY fAICKS SOPH S 
Be (A¥ *7K 3 BE) Ch EOBIL DSL, 
(3) XY DAWA ILI BBCI RIZED bb D 0 
(4) XY PCIE s hd SHG ENA 
Choe, X CiLONIC IRR EDS YO Y II 
TeV, (5) XY FEC BMG BRT BT ILELL 
ee, ee eee 
+737) X IHL Y OF MONAT B 
BRK CORI LEAD HAO PERE D a 
{CIC (SAB 7p STEEDS SE LADS 

SER (IPE OS ¢ ORPT CHRIRKO Hts, 
ADA Bak AH CGhSC LRM LTS, 
CPREOS ¢ CIATED Ho iiiic kido dn 
SRNITE (EASA S Avie ORS, 7 8 1, 12, 13), 
PRLONEO H bP A BALE A CE 
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SUS OPEB CS << OMWMER HOTS linus-Chromosomen 544 

TED CIES ENO H UPR BLA Cla fe Philonotis socia -Gl\LfR (ECARDS FL Save 
LOG, PEREAILIC H ORR EASE, (n=6, 12). fit C—faPRILEMESRER, —fEPRIL 
HED HI CEADECRLOLBZ SNS. Mic HEME ERG So RIHAKO ABRIL — fa ROME 
BIE S 7M CIM he) BAIS FRE ERED ee R BRERA OICHAST So CN 
RAK h ChB, COBBAICILAeME & 4 ¢ IREPBARILBEIC «= Thamnium Sande’) 
HED CHABY biriev>, BF (1954) (KA Brachythecium BrotheriD DPREATEEUR GC b 
O7e= 77 ORIEZOCAK HR bn ERR Gan, BtEE< CRI AOFERDS 
(Nukleolinus) (kK h (CHSEFALMALK. Apospory WLOCMPHELD CHA CHEE 
BAS < OFFS h Z Nukleolinus ¢7*#SZek SHOWS, AlelD Philonotis socia D—fF 
RCO, SHOMBEEL ODE & DDS Opal Our SIRICBGXASNGo 


WreDb, WEBEICIAc Hh bh (EV S Nukleo- 
5| B 32 BR 


1, Heitz, E. Jahrb. f. wiss. Bot. 69: 762-818 (1928) 2. Kurita, M. Ztschr. indukt. Abst.-u. Verer- 
bungsl. 74: 24-29 (1937) 38. Tatuno, S. Bot. Mag. Tokyo 67: 36-37 (1954) 4. Tatuno S, und 
Yano, K. Cytologia 18: 36-42 (1953) 5. Vaarama, A. Bryologist 56,3: 169-177 (1953) 6. Yano, 


K. Bot. Mag. Tokyo 64: 234-237 (1951); 7. Id. 65: 195-198 (1952); 8. Id, 66: 
43 AS 49534) = 49) —— = = Id, 66 .1997-207-(1953b):, S20 Id. 67: 43-48 (1954a) 11. 
Id. 67: 129-133 (1954b);. 12. Id. 67: 243-246 (1954c); 13. Id. 68 
155-159 (1955a); 14, —__ Id, 68: (1955b) 
Résumé 


1) The chromosome numbers and the karyotypes of genus Philonotis and genus 
Bartramia studied are as follows; 

Philonotits falcata (Hook.) Mitt Q K(n)=6=V(X)+3V4+J+m(h) 

& K(2)=6=VCY)+3V+J+m(h) 

P. japonica (Schimp.) Par. 9 K(a)=6SVCX)+3V4+J+mch) 

6 K(1)=6=VCY)4+3V4+J+ mh) 

P. carinata Mitt. Q@ K(a)=6=V(X)+3V4+J+m(h) 

8 K(2)=6=VC(Y)+3V+J+mch) 


. lancifolia Mitt. K(2)=6=V(H)+3V+J+mch) 


'P. 

P. seriata Mitt. Ki) =6=V(H)+3V4+J+m(h) 

P. Turneriana (Schwag,) Mitt. & K@)=6=VCH)+3V4+J+m(h) 

P. socia Mitt. Gmonoploid) 2 K1)=6=V(X)4+3V4+J4+m(h) 
6 K(2)=6=VC(Y)+3V+J+m(h) 

P ) 


. socta Mitt. Cdiploid) K(m)=12=2V(X%, Y)+6V+2J+2mch) 
Bartramia pomiformis (L) Hedw. & K(2)=8=V(H)+3V+42J+m-+m(h) 
B. crispata Shimp. @ K)=8=V(H)4+3V4+2J+m+ mh) 

2) -The sex-chromosomes have been found in the four species of Philonotis. X 
and Y are the largest V-shaped heterochromosomes of the male and the female 
chromosome complements respectively. 

3) The intraspecific polyploidy has been found in Philonotis socia Gi=6) 12) 
The diploid plant is a monoecious having two sets of chromosome complements, 
each of which is similar in the morphology of the formative elements to that of 
the male or female gametophyte of a monoploid plant respectively. These evidences 


are suggestive that the diploid plant may have stemmed from the monoploid one by 
sporophytic apospory. 
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Taro JINNO: Studies 
R. trifidus Thunb, 9 
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SERIE + 4 F > HE © FFE 1 CED) 
GANRRI, 44 F a Bl ERIC OV 
CORFE UC 380, 1 SC Rubus trifidus Thunb. 
9x R. hirsutus Thunb. 6 OFC O SHEL 
33, FJODSSHlt R. trifidus Thunb. 9 x 
R. ribisoides Matsum. 6 O#ffilZOVcCHRaT 
Do 

BHARORE 

COPBIt R. trifidus PEERKEL, R. ribi 
soides PUAL LC 2a LUCE MES 1 (RR 
WHRELE4LOCHS,. CORMICAW KH R. 
trifidus (2PSUTHINUEIC o> CHEB ESNCWORS 
DCHYH, R. ridisoides (2HBR= EE SE tare 
KHELCOKELDECHS. MEK BHEMD 
Sha O FEE OED RM BU SBT 
DBBO LDH 1 HOBSLAM CCHS. 


s B 


AG: COPIA Cl, BFL YO FLT 
APMATMENARBLO, LIER ase 
DCHEEF SHAD S. Bit 1950 | i 30 
(HORE > 2 fAtKR Bie. CHOEOMMOLA 
TREEIL UIT Lt <<, MertontEe 
ST FAN 0 

FeRE tbe: oO F, OPRRL MBH 
LPHRLCHSL, Bl RICASIM< WHO 
Wipp—HOBe LDT4LOL, WMOM[AO 
JER LOT 4LOLM DS. MMOVRA MAO 


+ IR AME ABT Lyre 


2a TA SG le Ohare 


A ORY 


on the Hybrids in Rubus II 


x R. ribisoides Matsum. 3 


5D RK. trifidus OVRICMSLOLTIZ, D 
{EHO Gk: RK. trifidus (2{EFNT MASS O, BOA 
DYN TOTWOSDS, R.-ribisoides v2PkASTe ¢ C 
JR Ch So Fi OFEX R. trifidus Vc BASE 
So 2) TERR: R. trifidus (XSRATERP ete L, R. 
ribisoides (SBERRICRAEFER4EU A, CD F, lt 
R. trifidus EAU < RRERRR OWS, 3) aR 
HE: R. trifidus (PEEL RUBOSC KEE 
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Résumé 


1. This report concerns with the results of the author’s observation on the 
characteristics and the types of pairing of chromosomes in the reduction division of 
P.M. Cs. in the F, hybrid (2x=14) which was produced by crossing R. tvifidus 
Thunb. (2n=14)xR. ribtsoides Matsum. (22=14). 

2. In this hybrid, the characteristics of R. tvifidus are found in the cyme, the 
glandular hair, the wrinkles of petals and the color of stems (red-purple), while the 
characteristic of FR. r7btsoides in the wool on leaves and stems. On the other hand, 
with regard to some characteristics, e.g. the size of flowers, the shapes of leaves, 
the serrate and stipule, this hybrid is intermediate of its both parent plants. 

3. The peduncle of this hybrid, stands, at first. upright like that of R. trifidus, 
and then it turns downwards like that of R. rtbisotdes. This isa case of dominance 
change. 

4. The types and frequency of pairing of the chromosomes in the metaphase 
of the first reduction division of P.M. Cs. in this hybrid are as follows: 7II (35.5%), 
611+21 (40.9%), 511+41 (18.3%), 41[+61 (4.3%) and 31[+8I (1.1%). 

5. There are two kinds of pollens in this hybrid; the pollens having contents 
and the empty pollens. The ratio of their occurrence being 45:55. 
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Studies on a Polyphenolase in Scopolia japonica I 
On the Oxidation of Catechol* 


by Yonezo SuzuK1** 


PAKS: DYVP2RPORV Ie I F—LOMF LL AF a—-—NAOBMECOWT 
Received April 12,1955 


James and co-workers! found a polyphenolase in the leaves of Atropa belladonna. 
In the presence of this polyphenolase, cathecol is oxidized and when amino acids are 
present, an intensively coloured compound, red pigment, is formed by the combina- 
tion of equimolecular proportions of resulted o-quinone with amino acids. The 
formation of this pigment was also observed by Trautner and Roberts?) by using a 
polyphenolase from the leaves of Duboisia myoporoides. The quinonoid red pigment 
has an interesting character: it catalyzes the oxidation of amino acids. A cycle of 
reactions, which, starting with the combination with one further molecule of amino 
acid, continues with libration of ammonia and a keto acid was confirmed by James 
and co-workers, and Trautner and Roberts. 

The mechanism as such was also proposed by James?’ as a process in the biosyn- 
thesis of 1-hyoscyamine in Atvopa belladonna. The author has an interest in this 
problem, so as a first step of the research some characters of a polyphenolase from 
the subterranean stem of Scopolia japonica belongs to same Solanaceae are inves- 


tigated. 


Material and Method 


The subterranean stems of Scopolia japonica were washed and peeled. About 
30g. of this material was blended with 150 ml. of cold phosphate buffer (M/30). It 
was filtered with cheese cloth (gauze), centrifuged for 30min. at 3500-4000 r. p. m. 
and a white precipitate, which showed positive iodostarch reaction and gave negative 
colouration with Millon’s reagent, was discarded. The supernatant was used as the 
crude polyphenolase solution. The activity of the enzyme was determined by measu- 
ring oxygen uptake in the Warburg apparatus at 35° C and pH 7.3, taking 1.0 ml. of 
the enzyme solution, 1.0 ml. of phosphate buffer (M/15), 1.0 ml. of inhibitor and 0.5 
ml. or 1.5 ml. of distilled water in the main chamber and 0.5 ml. of substrate solu- 
tion in the sidearm of a flask, the total volume of liquids being made to 4.0 ml. 


* This work was announced at the Annual Meeting of the Botanical Society of Japan held in 


Kyoto on Oct. 27, 1954. 
**. Biological Institute, Toyama University, Toyama. 
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The center well contained 0.3 ml. of 10% KOH. The gas phase was air. 


Results and Discussion 


1. Oxidation of Phenols. 
The activities of the crude polyphenolase to oxidize various phenols are shown 
in Fig. 1. The highest O, uptake was found in the oxidation of catechol. This 
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Fig. 1. Oxygen-uptake by various polyphenols catalyzed 
by the crude polyphenolase. 

(The final concentration of substrates was 1.25x10-3M. 

L-tyrosine was used as suspension.) 


initial highest rate, however, slows down quite soon. DL-Dihydroxyphenylalanine 
(DOPA) and pyrogallol were oxidized readily (DOPA was converted into reddish 
black substance, melanine?), phloroglucinol and hydroquinone at slower rates, while 
resorcinol, L-tyrosine, phenol and p-cresol were not oxidized at all. A insoluble form of 
polyphenolase, which was obtained by treating the leaves of Atropa belladonna 
with acetone, is reported to oxidize p-cresol?. By the use of the present material, 
however, p-cresol could not be oxidized. It may be said that monophenolase is 
absent from the present material. 

2. Effects of Inhibitions. 

The effects of various inhibitors on the oxidation of catechol and phloroglucinol 
were examined by determining the oxygen uptake. The results are listed in Table 
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Table I. Effects of Inhibitors on the activity of the crude polyphenolase. 


Inhibition % 


Inhibitors Final concentration _ Catechol _ Phloroglucinol 
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The final concentration of substrate: 1.25 x 10-3M. 
(oxygen-uptake in catechol only)-Coxygen-uptake in catechol 
plus inhibitor) 

% Inhibition =100~x - 


(oxygen-uptake in catechol only) 


I. The oxidation of these substrates was strongly inhibited by cyanide. Sodium 
diethyldithiocarbamate (dieca) inhibited strongly the oxidation of phloroglucinol, 
but it was less effective upon catechol. Thiourea inhibited 50% of the oxidation of 
phloroglucinol, but it did not inhibit the oxidation of catechol. 

In the poisoning effect of azide, an agent also sensitive to copper enzymes was, 
however, rather weak even at a higher concentration. This might be due to the 
medium being neutral‘). 8-Oxyquinoline and p-nitrophenol? were found not to be 
effective upon the oxidation of catechol. Iodide, ferrocyanide and thiosulphate are 
known to combine with copper ions in neutral solutions. Among these, ferrocyanide 
inhibited considerably the oxidation of phloroglucinol, but it inhibited the catechol 
oxidation quite a little. Iodide and thiosulphate, on the other hand, were not 
effective upon the oxidation of these substrates. 

Ferricysnide, silver nitrate, monoiodacetate and maleic acid are used generally 
for the purpose of detecting SH groups in enzyme protein, but in this experiment 
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their effect on the oxidation of catechol was not remarkable. 
The results obtained in the present work as well as those of Barron and Singer® 
may suggest that SH groups are not indispensable for the activity of polyphenoloxidase. 
As a result of studying 
2 various inhibitors it was 
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Fig 2. Effects of thiosulphate, dieca and cyanide on acid by the red pigment, 
the oxidation of catechol. in the absence of dehy- 


(The final concentration of catechol was 1.25 x10-3 
M;; the final concentration of thiosulphate, dieca and 
cyanide was 0.25 x10-2M) It is generally said to- 


day that the first step in the 
oxidation of an amino acid 


drogenase. 
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25 to a0 jo 


oo) 


Time in Minutes — 
co-workers). 
Fig 3. Oxygen-uptake by the crude polyphenolase 


system containing catechol, ornithine and 

octyl-alcohol as compared with controls. 
(Final concentrations ; catechol 1.25 x 10-3 M, octyl- 
alcohol saturate/4, DL-ornithine-HCL 1.25 x 10-2 M) 


Summary 


1. Acrude polyphenolase 
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Table II. Oxidation of ornithine in the presence of red pigment. 


| Oxygen-uptake (v1) in 


Exp. No. Substrate & others ay 
10 min. 60 min. 
catechol 54.0 58.5 
catechol+ KCN + ornithine 20) 10.8 
r KCN + ornithine 4 4.5 
ornithine 15 4.0 
catechol 39.6 46.3 | 
catechol-+ NaN3+ ornithine | Sla5 56.5 | 
oe NaN3+ ornithine | 1.9 6.3 
ornithine | Za) Be || 
catechol | 35.0 43.5 
a catechol+ M. G.+ ornithine | 43.1 CL 
: M. .G.+ ornithine .6 Be Cl 
ornithine | ZaQ) 4.7 
catechol | 34.0 41.8 
’ catechol+ AgNO3+ ornithine | 29.7 51.5 
le AgNO3+ ornithine | 20 5.0 
ornithine ee 2.5 
catechol e105 1 40.7 
; catechol+ferricyanide+ornithine | 24.2 Bye 
V. ferricyanide + ornithine | ae | 0) 
ornithine | a 5.1 
catechol | 64.3 | es 
catechol+Nas5,O3+ornithine | 63.4 | 97.1 
VI. catechol-+ ornithine 2 Or 103.1 
ornithine | 250 | 5.0 


Final concentrations of substrate and other substances were; 


catechol, 0.25*10-2M; DL-ornithine-HCL, 1.25x10-2M; cyanide, 0.25 x 
10-2M azide, 0.25*10-1M; malachite green (oxalate) (M.G.), 0.2510 
-2M; AgNOs:, 0.25x10-3M; ferricyanide, 0.25 *x10-2M; NapS203, 0.25 x 
10-2M. 


has been extracted from the subterranean stem of Scopolia japonica, into the 
phosphate buffer. 

2. In the presence of this enzyme catechol takes up oxygen at a high rate, DL- 
dihydroxyphenyl-alanine and pyrogallo! are oxidized rapidly, phloroglucinol and 
hydroquinone rather slowly, while resorcinol, L-tyrosine, phenol and p-cresol are 
not oxidized at all. 

3. Among the inhibitors of the oxidation of catechol, cyanide is very effective, 
but sodium diethyldithiocarbamate is less effective. 

The author wishes to thank Prof. M. Shibata of the Biological Institute and 
Prof. K. Fukui of the Chemical Institute, Toyama University, for their great interests 
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in this work. . Ge 
The material used in the present study was supplied by Prof. T. Nakaoki o 
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Abnormal Eggs from Coccophora, with Special Interests 


in the Origin of Half Embryos. 
by Singo NAKAZAWA* 


HORfa tT: A= 7 ORRIN CHRO RRICOWc 
Receivdd April 30, 1955 


There are six different types concerning the course of ovogenesis in Fucaceae, 
which are in accordance with the systematic arrangement of those». The genus 
Coccophora is separated from Sargassum, Turbinarvia, Hizikia, add species of Cysiophyl- 
lum. In the latters a single cell bears eight haploid nuclei in consequence of one 
hetero- and two successive homoeotypic divisions of a diploid mother nucleus! 8 . 
While in Coccophora, seven of the eight nuclei formed in the same way are 
destined to degenerate with maturation of the oospore remaining one central nucleus 1), 
The former and the latter are also different in the type of cleavage after 
fertilization. In Coccophora, fertilized eggs cleave directly into two daughter cells 18, 
while in Sargassum etc., when any one of the eight nuclei is fertilized, the 
other seven degenerate and disappear sooner or later, and the remaining one takes 
part in development! 1, In other words, the difference is attributed to the stage 
of occurrence of the nuclear degeneration, which takes place before maturation 
in Coccophora, but after fertilization in Sargassum etc. However, as was studied 
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by Getman® on Hormosira, a certain species does not always absolutely stick to a 
certain type of ovogenesis, but sometimes completely or intermediately appears with 
another type. The present paper is a report on such a phenomenon observed on 
Coccophora. 

During his stay at Asamushi in 1953, the writer observed some abnormal Coc- 
cophora eggs containing eight nuclei discharged together with normal eggs out of the 
same receptacle. The phenomenon was repeatedly noticed. The material plant, 
Coccophora Langsdorfii (Turn.) Grev. was collected in the vicinity of the Marine 
Biological Station at Asamushi, Aomori Ken, on the 12th of April, 1965. It was 
washed repeatedly with filtered sea-water and then kept in glass vessels over a 
night, where eggs were liberated on the following dry. It is almost impossible that 
some eggs from another alga such like Sargassum have mixed into the present 
material. In this district, moreover, no another alga of the same family is known 
to discharge eggs of the same kind in this season. In these respects, the present 
material is affirmed to be born all from Coccophora. 

Receptacles were picked from branch and the eggs attached on the surface were 
scraped of with a glass needle into a Petri dish containing sea water. Among those, 
one or two out of a hundred were recognized to be eight-nucleate. The ratio of 
occurrence, however, much varied according to the receptacle. In some cases, over 
10 per cent of the whole eggs from a receptacle were eight-nucleate. The abnormal 
eggs (Fig. 1a, b) so much resemble these of Sargassum that they could not be 
distinguished from the latter. Their course of cleavage was observed after being 
artificially fertilized together with normal eggs in the same vessel. 

The abnormal eggs as well as the normal, whether they are round (Fig. 1a) or 
a little ovate (Fig. 1b) at the beginning, gradually transformed into more or less 
ovate form after fertilization. In these abnormal eggs, the first segmentation usually 
occurs without being accompanied by nuclear division forming a wall at right angles 
to the major axis, resulting a blunt large cell on one side and a little pointed smal- 
ler one on the opposite side (Fig. 1c). The first segmentation is followed by gra- 
dual degeneration of seven nuclei which 
are contained together in the blunt cell. 
As the seven out of eight nuclei degenerate, 
the second and the successive cleavages 
proceed with occurrence of division of the 
active nucleus, probably fertilized, contai- 
ned in the basal or pointed cell (Fig. 1c, 
d). The division therefore is usually rest- 
ricted only to the basal half of the egg, 
where rhizoids are to be formed, and the 
apical or blunt half remains unicellular 


containing no nucleus (Fig. le, f).. This 
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tendency that the active nucleus is contained in the basal part seems to verify the 
opinion presented by Abe? that tne basal pole is differentiated at the entrance 
point of spermatozoid. The development was traced, up to a stage composed of 
some thirty cells. As the stage proceeds further and the structure becomes more 
complex, they are unable to be traced distinguished from those originated from the 
normal eggs. However, some particular embryos with the apical half remajning 
uncloven (Fig. 1f) are considered to be a later stage of those abnormal eggs. 

Judging from the observations mentioned above, it seems that the ovogenesis 
and the behavior of nuclei after fertilization of Coccophora and those of Sargassum 
etc. are sometimes morphologically continuous. As Inoh® points out in his 
comprehensive review on Fucaceous algae and now is generally acknowledged, Coc- 
cophora is taxonomically much more of alliance to Sargassum etc. than to Fucus, 
Pelvetia etc. within the same family. This seems to confirm the present investiga- 
tions. Besides, the present studies seem to be able fer explaining the origin of the 
half embryos of Sargassum reported by Tahara”, Hirce and Inoh.!) That is to 
say, considering from the writer’s observations, it is probable that if the first 
segmentation independently takes place prior to the occurrence of the nuclear divi- 
sion, as it does sometimes, the firtilized nucleus is naturally to be contained only in 
one of the daughter cells, the apical or the basal. And as a result, the other cell 
without diploid nucleus, is destined to remain uncloven till the later Stage, the half 
embryo. 


Summary 


Coccophora Langsdorfit (Turn.) Grev., a Fucaceous alga, sometimes bears eight- 
nucleate abnormal eggs (Fig. 1 a, b) together with normal eggs composed of one 
central nucleus. The abnormal eggs so much resemble those of Sargassum as they 
could not be distinguished from the latter. After fertilization, just like Sargassum, 
seven of the eight nuclei gradually degenerate to disappear with advance of cleavage 
remaining one large active nucleus, which takes part in the embryo development. 
The active nucleus, however, is accustomed to be distributed to the basal cell (Figlc) 
at the time of the first cleavage which takes place without nuclear division. As a 
result, the subsequent cleavage is restricted to the basal half, to form a_ half 
embryo with a large vacant apical cell (Fig. 1 f). 
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Photoperiodic Responses in Japanese Morning Glory 


Pharbitis Nil CuHots., a Sensitive Short Day Plant.” 


by Shun-ichiro IMAMURA** and Atsushi TakimotTo** 


SIRE - eR A: GARMRor vr zr OR ERG 
Recevied May 30, 1955 


Japanese morning glory, Pharbitis Nil is known as one of the most sensitive 
short day plants!-+69%1). Under long day conditions it remains strictly vegetative, 
and if transferred to short day conditions, it responds promptly to photoperiodic 
stimulus by initiating flower primordia. The present paper deals in general with the 
photoperiodic behavior of this plant in comparison with that of other short day plants. 

I. Material and Methods. A strain called “Violett” was mainly used in the 
present study. To secure uniform germination, the seeds were treated with concent- 
rated sulfuric acid for about 30 minutes and washed thoroughly with running water 
until the next day. They were then sown in boxes in large numbers. As soon as 
the seedlings appeared, 16 to 25 were planted in boxes in large numbers. As soon as 
the seedlings appeared, 16 to 25 were planted in boxes measuring 30cmx20cmx10 
cm, filled with garden soil. The plants were grown from the start on a bench in 
the green house or in the garden under continuous illumination by natural day light 
supplemented by an incandescent filament lamp of 60 watt from sunset to sunrise. 
The light intensity at night was ca. 100 foot candles at the leaf surface, When the 
second or third leaf was fully expanded, the plants were examined for uniformity 
and only vigorous specimens were used in the experiment; the interior individuals 
were discarded. 

The dark treatment was applied in a dark room arranged in the green house or 
by covering the plants with wooden boxes of adequate size. After the dark treatment 
they were returned to the continuously illuminated bench and allowed to grow until 
collected. The flowering response was determined by careful dissection under a 
binocular microscope at a magnification of ca. 15. 

Il. Flowering habit in Pharbitis Nil and quantitative measurements concern- 
ing flower initiation. In vegetative condition the growing point of Pharbitis Nil 
initiates primordia of foliage leaves in an arrangement of 2: 3 parastichies. The 
axillary buds of each leaf have the same phyllotaxis. When one or two dark treat- 
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ments of slightly longer duration than the critical are given, flower primordia are 
produced at a few nodes near the growing point, but no permanent change een 
in the growing point itself. It continues to form primordia of foliage eee in 
whose axils the differentiating buds produce structures that are entirely vegetative, 
as was the case with the buds formed prior to the application of short photoperiods. 
Usually the flower primordia arise in succession, but often one or two vegetative 
buds appear between two flower primordia. 

The first sign of flower differentiation can be readily recognized from the shape 
of the first two leaf primordia of the bud. As the primordia of the floral leaves 
appear in closer succession than those of the vegetative leaves, the flower bud has 
a more or less symmetric form having two relatively equally developed bracts, 
whereas the primordia of the vegetative leaves are apparently different in their 
developmental stage and therefore the bud is strikingly asymmetric in shape. More- 
over the flower bud is less hairy than the vegetative bud. The first sign of flower 
initiation can be detected 4 or 5 days after transfer to the photoinductive condition. 

If-short day induction is strong enough, however, the growing point of the 
main axis stops to form foliage primordia and begins to form primordia of lanceolate 
leaves in the axils of which flower primordia arise. Then primordia of bracteal 
leaves arise, without axillary buds, and at last appear the primordia of the floral 
leaves of the terminal flower. Thus the growing point is entirely consumed to build 
up a terminal flower. 

Soon after the start of the experiment it was revealed that the photoperiodic 
response can be more easily observed and quantitatively estimated in the Jateral 
shoot developing after the removal of the main axis than in the main axis itself. 
The main axis should be removed above a fully expanded young leaf whose axillary 
bud is allowed to develop. When the short day condition is applied to such a plant, 
flower primordia appear on the developing lateral shoot. The responses of this 
lateral shoot are just the same as those of the main axis described above. Three 
readily determinable numbers, namely those of flowering plants, of plants with 
terminal flower, and total number of flower primordia initiated can be used in me- 
asuring photoperiodic response. 

III. Response to various numbers of short days consisting each of an 8-hour 
light- and a 16-hour dark-period. The plants with two fully expanded leaves were 
deprived of cotyledons and main axis above the second leaf and transferred to the 
dark room from 5 o’clock in the afternoon to 9 o’clock next morning. Three lots 
of 16 plants each received one, two and three such treatments. The remaining lot 
was left on the continuously illuminated bench and received no dark treatment. 

_ Seeds were sown May 20th, 1949 and the experiment was started June 20th. After 
18 days the lateral shoot of the second node attained the length of 5cm or more. 
On examination, the control plants which received no dark treatment had not initiated 


a single flower primordium. All experimental plants produced flower buds. 16 plants 
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which received one dark treatment initiated in total 134 flower primordia, and among 
them 2 plants had terminal flower buds. The plants which received two dark peri- 
ods had 144 flower primordia and 11 of them produced terminal flowers. The third 
lot which received 3 dark periods initiated 14 terminal flowers and 148 flower pri- 
mordia in the total. Comparing the total number of flower buds of the three lots 
no obvious difference can be found in the intensity of reaction according to the 
number of treatments. But in the number of plants with terminal flowers the 
difference is apparent. From the results it may be concluded that Pharbitis Nil can 
be induced to initiate flowers in responding to a single dark period of long duration, 
as is already known from Xanthium and Chenopodiumt, > 8, 10 , 

On July 8th the apical part of the above mentioned plants was cut off above 
the first leaf whose axillary bud was allowed to develop. After 14 days the deve- 
loped axillary shoot was examined for flower initiation. All plants which received 
dark treatment produced flower primordia. In comparison with the lateral shoot on 
the second node, the reaction manifested itself in a lesser degree. The difference 
in reaction according to the number of dark periods given could be seen in the total 
number of flower primordia and of terminal flower buds. The observation indicates 
that the dormant bud at the first node had also been photoperiodically induced: 

IV. Response to a single dark period of varying duration. Plants sown on 
the 18th June Of 1949 were deprived of the cotyledons and the main axis above the 


Table 1. Responses of plants exposed to short day consisting of an 8 hours 
light period and a 16 hours dark period. 


Number of short days given. 
Mode of topping ee acceler Fay Bhat I 
0 1 2 3 
Top of the plant removed on | Number of plants used. 16 16 16 16 
June 20th. Two cotyledons, the | Number of plants with 0 16 16 16 
ne flower primordia 
first two leaves remaining. Lea eee i 
Number of plants with | 
terminal flower bud. 0 2 11 14 
Observation on the axillary ARLE. DEO wesn P 3) ‘a aa 
shoot of the second leaf. buds. 
The second leaf and its axillary | Number of plants with 0 15* 16 16 
flower primordia 
shoot removed on July 8th. : 
Number of plants with 0 1 5 13 
terminal flower bud. 
Observation on the axillary Total number of flower 5 - an ae 
shoot of the first leaf. buds. 


* In one plant the axillary bud of the first leaf did not develop. 


second leaf. On July 20th 7 lots of 16 plants each were exposed to a single dark 
period of 9, 10, 11, 12, 16, 20 and 24 hours duration and returned to continuous 
illumination. The photoperiodic response observed on August 3rd is given in Table 
2. Some of the plants exposed to a dark period of shorter than 12 hours’ duration 
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remained vegetative without differentiating any flower primordia. Only one terminal 


flower was initiated in the lot which received the 20 hour dark period. The total 


Table 2. Response to a single dark period of varying duration. 


Duration of the dark period in hours. 


2 10 ila 12 16 20 24 


Plants observed 16 16 15 16 16 AS 12 | 


Plants with flowers. 2 9 15 15 16 16 i 
Total number of flower buds. 4 10 34 40 87 93 60 


Number of plants with terminal fiower. 0 0 0 0) 0) i 0) 


number of flower primordia was increasing, except for the 24 hour lot, with the 
lengthening of the dark period. From this experiment a single dark rperiod of 9 
hours’ duration was revealed to be inductive in some individuals. Therefore, another 
experiment with.a shorter dark period was carried out. 

Eight boxes of 16 plants each were divided in two groups. One group received 
one, the other three dark peroids which varied in duration increasing by one hour 
from 7 to 10 hours. The experiments started on the 10th of August. Table 3 shows 
the results obtained after two weeks. The shortest duration of a dark period neces- 


Table 3. Photoperiodic response to dark periods of varying duration. 


| Number of dark ae erating tank oe we st 
periods given. | Uf 8 9 10 eaeon | 
| Number of plants used. 16 16 16 16 3Z 

Number of plants with | | 

1 flowers. 0 p i ae 

Total number of flower buds. 0) 0) 1 13 0 | 

| Number of plants used. ie | 6 ‘ie 16 | 
Number of plants with | 

3 flowers. | 0 1 5 16 

Total number of flower buds. 0 2 10 68 | 


sary for the least induction was 9 hours in the lots subjected to one dark period and 
8 hours in the lots subjected to three such treatments. The number of plants with 
flower primordia and the number of flowers initiated increased with the increasing 


number and duration of the dark periods. All plants exposed to three dark periods 
of 10 hours’ duration initiated flowers. 


illumination remained vegetative. 


The control plants maintained on continuous 


V. Floral initiation caused by a single leaf subjected to a single dark period. 
The experiments just reported indicate that Pharbitis Nil having developed 2 or 3 
leaves can be induced to flowering by a single dark period of sufficient duration. 
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In order to investigate whether a single leaf when subjected to a single long dark 
period is also capable to cause floral initiation, another experiment was carried out. 
30 days old plants having three fully expanded leaves were used in the experiment 
on the llth of August. The fourth leaves were expanding and different in their 
developmental stages. The plants were deprived of the main axis above the fourth 
node. In one lot all the leaves, including the cotyledons, and all axillary buds except 
those on the first node were removed. In other lots the second, the third or the 
fourth node was left intact and all leaves and buds at the other nodes were removed. 
The plants were then exposed to a single dark period of 16 hours’ duration. As 
shown in Table 4, all lateral shoots developed on the second and third nodes pro- 


duced flower primordia. Indications are that the third shoots react more sensitively 


Table 4. Responses of plants having a single leaf on various nodes exposed to a 


single dark period of 16 hours’ duration. 


| A single dark period of 16 hours | Continuous light 
Cine 6s ee = duration. (Control). 
Position of nodes bearing donor ais a © ii, ser ~~ 
leaf and receptor buds. é I I Hl IV 1k WW Ww ‘i 
Number of plants Wt a iE 
‘ F 5 ee fi f / 
flower primordia. _- ee ack 10/2588 23/23) 2/2 2722 0/5 0/5 0/5 0/5 
; observed. 
Number of plants with terminal 0 0 4 1 0) 0 0 0 
fio wer. 
Total number of flower primordia. 20 65 159 65 0 0 0 0 
Average position-number of the 1250 2.26 2.48 2.58 
node bearing the first flower. _ 20,230) 200217 20: 18l s.03185 


to the stimulus than the second, since they produced not only more flower primordia 
but some of them produced terminal flower buds. ‘This difference in photoperiodic 
response may be due to the different condition of the leaves receiving dark feriod 
treatments or of the buds reacting to the stimulus supplied by the leaves or both. 
It may be probable that the susceptibility to photoperiodic induction varies with the 
age of the leaf, as known for Xanthium and other plants. Plants with the 
first leaf reacted less sensitively and plants with the fourth expanding leaf reacted 
differently according to their stage of development. Some of them remained 
vegetative, whereas some others produced many flower primordia and. even one 
formed a terminal flower bud. 

On the other hand the condition of the reacting bud on different nodes might 
be also different at the start of the experiment, as revealed by the position of the 
first flower primordia initiated. The average position of the node bearing the first 
flower primordium on the first axillary shoot was 1.5, on the second 2.26, on the 
third 2.48 and on the fourth 2.58. Thus the position of the first flower rises in the 
axillary shoots of the higher nodes. 

As differentiation of the developing bud into a flower bud is determined in an 
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early stage, the older buds, being already determined as vegetative, cannot be con- 
verted to flower primordia. Thus some of the axillary buds at the basis of a lateral 
shoot remain vegetative. On the higher nodes of the main axis the buds are more 
advanced in their development at the start of the experiment, therefore more vege- 
tative buds are found on a lateral shoot, which developed upon the removal of the 
main axis. This could be more clearly shown in the following expriment. 

VIL. Relation between the position of the first flower primordia and the time 
elapsed from the removal of the main axis until the start of dark treatment. As 
the lateral bud begins to develop immediately upon the removal of the main axis, 
the first flower primordia may arise on the higher nodes of the lateral shoot, if the 
start of dark treatment is delayed after the topping of the main axis. A single dark 
treatment of 16 hours’ duration was given to the plants, immediately, 2 and 4 days 
after the removal of the main axis. The experiment started on the 12th of Septem- 
ber. The position of the first flower, as indicated by the average position-number 
of the node bearing the first flower in 32 plants, was 2.44+0.126, 4.28+0.138 and 
6. 3640. 192 respectively. 

VII. General considerations. Under long day condition or on continuous illumina- 
tion Japanese morning glory remains vegetative and attains a large size without 
differentiating any flower primordia, whereas under extreme short day conditions the 
plant soon stops its vegetative growth converting all growing points into flower 
primordia and remains dwarfed. Sown in May in the field, it attains a large size 
and the terminal bud continues to grow producing lateral flower buds and flowering 
from July to August. Such concomitance of vegetative and reproductive growth 
could be only realized, when the plant was grown under short day conditions with 
dark period of slightly longer than the critical duration, for instance of 8.5-9 hours, 
as prevailing from middle of May to the end of July in middle Japan in considera- 
tion of twilight at sunrise and sunset. 

The results reported in the present paper show that a plant with a single leaf 
can initiate flower primordia in. response to a short photoperiod. Therefore we 
have in this plant a more favorable material for investigations of photoperiodic 
reactions than in any other representatives of short day plants. 

As to sensitivity too, morning glory is not inferior to any other plant such as 
Xanthium, soy bean and so forth. But it may be mentioned that the sensitivity 
varies with internal and external conditions. In a plant with a single leaf, flowering 
can be induced by a single dark period of 16 hours’ duration in most cases but not 
always. The sensitivity is higher in late spring and autumn. In midsummer, some 
of the plants do not initiate flower primordia in response to a single dark period. 
This may be due, in all probability, to the temperature prevailing in this season. 

Summary. 1) The critical dark period of Japanese morning glory was found 
to be ca. 8-9 hours. 


2) A plant with a single leaf can be induced to initiate flower primordia by 
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the application of a single dark period of 16 hours’ duration. 

3) If the induction is strong enough, the growing point of the shoot is consumed 
in initiating a terminal flower bud. 

4) The number of plants with flowers or terminal flower primordia and the 
number of flowers initiated can be used in ascertaining quantitative relations in 
investigations of photoperiodic responses. 
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(Supplementary Report) 


The Structure and Reproduction of Yamadaia melobesioides SEGAWA*** 
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** LA BD KEFaS 
*k* Yamadaia SEGAWA, gen. nov. 

Frons crustaeformis. Pars erecta absens. 
Conceptacula prominentia, per crustam sparsa. 
Genicula unizonalia, inter crustam et concep- 
tacula praesentia. 
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Type of the genus: Yamadaia melobe- 
sioides SEGAWA sp. nov. 
Characteres iidem ac generis. 

Species type: tetrasporic, ‘“‘Susaki, Izu 
Prov., Mar. 27, 1989”; female, “Susaki, Izu 
Prov., Apr. 1941”; male, “Susaki, Izu Prov., 
Mar. 27, 1939” (in the Herbarium of Mitsui 
Institute of Marine Biology). 
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Fig. 1. Matereals. (x 4/5) 


A. 6 individual. “Susaki, Izu Prov., Mar. 27, RD PEBIC TANS CACHE 22 > BAS HL 
1939” xt Uc Perithallium +4, hOB 
B. @ individual. “Susaki, Izu Prov., Apr. 1941” Nee Rpts a See 
C. @ individual. “Susaki, Izu Prov., Mar, 27. PEBICIALC (LHI AALY L << FACE 
gee)” His 4 OATHFINCHA, Perithallium © 
D. 6 individual. “Susaki, Izu Prov., Apr. 1941” 
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Fig. 3. Development of the node. ( x 250) 
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Fig. 4. Female conceptacle. 


A. Young conceptacle. ( x 117) 
procarps. (x 117) 
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B. Procarps. ( x 167) 
D. Conceptacle with gonimoblast filament. C x17) 


C. Conceptacle with 
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Fig. 5. Male conceptacle. (x 117) 


A. Young conceptacle. 
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B. Mature conceptacle. 
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Fig. 6. Tetrasporangial conceptacle. ( x 117) 
A. Young conceptacle. 
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B. Mature conceptacle. 
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Summary 


Yamadaia, a new genus proposed in the present paper, is a very curious arti- 
culated coralline. It was discovered by the writer on the coast of Izu Province. 

The erect part of the species is reduced to one joint only and the crust is so 
vigorously developed that, at first sight, it is mistaken for a non-articulated coralline. 

The node is unizonal and formed only between the crust and the joint. Thus, 
the erect part is represented only by a single joint bearing a conceptacle. The 
conceptacle-bearing joints are scattered on the surface of the crust. 

As in crustaceous Corallinaceae, the crust is made up of three layers: the 
epidermis, the perithallium and the hypothallium. The marginal meristem of the 
crust is composed of one layer of the long oblong cells and is not covered with 
an epidermal layer. Only transverse canals are found between cells belonging to 
different filaments and no morphological connexions are found among cells of the 
node. The conceptacle has an openning on its top and belongs to the terminal type. 
The roof of the conceptacle is built up of a special growth of the tissue around the 
bottom of the young one. The female conceptacle is long obovate in external form, 
and its cavity is ovate in section. The procarp is composed of one basal cell, one 
carpogonial branch and one or two sterile cells. The gonimoblast* filaments are 
produced only from the margin of the thin fusion cell. The male conceptacle is 
long spindle-shaped in outline, and the beak is so long that the conceptacular canal 
is very long. The spermatangial mother cells are produced not only from the bottom 
but also from the lateral wall of the cavity. The tetrasporangial conceptacle is long 
obovate as in the female one, and the cavity is circular in section. ‘The sporangia 
issue only from the bottom, and are surrounded by paraphyses few in number, in 
their young stage. 

The above mentioned respects show that the present genus has a close relation 
to Jania on the one hand, and to Corallina on the other hand. The anatomical 


characters rather suggest an intimate relation to Corallina. 
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1. HEISE. fOWE, 16: 4,8 (1940); 17: 3,4,6,8, 10, 11 (1941); 18: 10 (1942); 42%, 1: 3 (1946); 
2: 3 (1947); 4: 2 (1949). 2. BoERGESEN, F. Dansk Botanisk Arkiv, oe ah (Glepiepy. 
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Masahide KURITA: Cytological Studies in Ranunculaceae III 


The Karyotypes of Several Species in Delphinium, Lycoctonum and Aconitum 
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Figs. 2—4, Somatic chromosomes 
of Lycoctonum. 2, L. chrysopilum 3, 
L. Loczyanum 4, L. pterocaule 

x 947 
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Figs. 5-6. Somatic chromosomes of 
Aconitum. 5, A. senanense 6, A. 
japonicum var. montanum x 947 
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Summary 


1. Karyotype analysis was carried out on five species and one variety. Their 


karyotype formulae are represented as follows: 
Delphinium Ajacis K (2n)=16=2' A™+2B™+10C*+2D*t 
Lycoctonum chrysopilum K (2n)=16=2A™-+ 2B*t+2' C*48D**42E*t 
L. Loczyanum EK (2n)=16=2' A™+ 2B*-+-2C"'-F6D Ft -+-2' Dst4-2' Est 


Loa pierocatle, EK (22 )=16-—=2) A™+OB*4-9* Cs apt .2¢ ee 
Aconitum senanense K (2n)=32=2t AP+9AM+ 2Bst+oBst4 4C*4 12D 34-4 D§t+4E* 
A. japonicum var. montanum K (2n)=32=2' AP+2A% + 2B$t+ 2B5' + 4C* 4 14Dj'+ 
2* D3'+4E** 
2. The haploid chromosome set of Lycoctonum-species bears a much stronger 
resembrance to the basic set of Aconitum-species than to the haploid set of Del- 


hhinium Ajacts. 
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Cytogenetics of the Indian Jasmines I Morphological 
and Taxonomical* 


by V.S. RAMAN** 


Received May 7, 1955 


I. Introduction: The family Oleaceae comprises of about 20 genera and 
over 500 species distributed in the tropical and temperate regions of the World 
(Bailey 1949). Engler and Prantl (1897) cite about 160 species of Jasminum in the 
tropical and sub-tropical regions of Asia. Africa, Australia, and America and over 40 
in India. Gamble (1936) describes 20 species from Madras Presidency. 

The commonly cultivated jasminums are, /. sambac Ait., J. auriculatum Vahl., 
J. flexile Vahl. and J. grandifiorum Linn. Bor and Raizada (1946) and Krishnaswamy 
and Raman (1948) have given taxonomic descriptions of some species of the genus. 
Nalini Nirodi (1950) recorded an abnormal jasmine in which the stamens have arisen 
by the transformation of petals. This paper gives a short description of four varieties 
and forms of /. sambac and also the differences in leaf and flower characteristics 
between the wild and cultivated forms of three species (Tables I and II). 

II. Materials: The species and varieties treated in this study were collected 
from Madras State. 

III. Observations and Discussion: (a) The seedling Jasminums: Fruit set 
is common in all the will species. Chances are remote for the cultivated ones to 
bear fruits as the flowers even in their bud stage are plucked off. During this opera- 
tion, the epipetalous stamens naturally go off with the buds. As these cultivated 
ones have spread through clonal propagation, all collections of a species or variety 
show similarity in their morphological characteristics. Selfed flowers do not set 
fruits, but do so when left for open pollination. Seedlings were raised from plants 
listed in Tables I and II and all these were true to the chromosome number of their 
parents. However, variation in the size and shape of leaves and leaflets was observed. 
(b) Types of floral abnormality in J. sambac varieties: The simple type of flower 
has one whorl of either elliptic or ovate corolla lobes with a single corolla tube. 
The first type of origin is by simple fission of the corolla lobes, increase in the 
number of whorls without affecting the corolla tube and the two epipetalous anthers. 
The corolla lobes remain single or two whorled but the anthers become petaloid 
Type II. In type III, two or three different flowers each with its own corolla tube 


* Part of thesis approved for the degree of Master of Science of the Madras University, 1952. 
** Aoricultural Research Institute, Coimbatore-South India. 


254 ti mM HE Bb ee 68 4 85 808 & Hg#n 30 42 10 A 


and lobes may be telescoped one inside the other. The anthers of the lowermost 
flower remain normal while those of the upper ones become completely or partially 
petaloid. Type-IV-fasciation found in stems leads to formation of single large flower 
with numerous bracts, calyx teeth, anthers and stigma. The flower often assumes 
a flattened appearnance as in a cox-comb. It is interesting that the multiplicity of 
petals in the flowers has no relationship with the ploidy of the variety concerned. 
The following gives a schematic representation of the lines of differentiation of corolla 
in J. sambac. 


Increase in Multiple 

By lengthening of corolla lobes. Var (i) | whorling flowers 
| aed 

! eoeenauureg uy y 
Kasturi Manmatha | Sujinallige. form(v)  Iruvantige 
malli. banam. | 
form (ii) 
Addulccu By fasciation Dundumallige | Increase in whorling. Moonadulcka 

mall. 2n) - | ae Sarath 


By polyploidy 
Dundumallige (3n) 


c) Considerations regarding the evolution of plants with simple, trifoliate and 
compound leaves. Of the different taxonomic criteria employed in the classification 
of the Jasminums, the character of the calyx is an important one (Appendix I). In 
the evolution of the Jasminums, it appears, as though coupled with the compounding 
of the leaves there has also been differentiation of the calyx. 


| : | . - 
Simple leaf with Compounding of the leaves. | Peau ee 
long calyx. | = reduced calyx | 
(ares — | > 


Simple leaf with 


sees | reduced calyx - Pia 
- 11gh it a: . Officina 

J. sessiliflorum 

J. Rottlerianum J. malabaricum 

J. angustifolium 


- Trifoliolates with 
reduced calyx 


J. auriculatum 
| J. calophyllum 
J. flexile 


Arber (1950) cites a number of cases in which a compound ternate leaf clearly 
reveals its equivalence to a simple leaf. From this, it follows that in foliar develop- 
ment the compound leaf is derived froma simple one. In the Jasminums somewhere 
in the direct line of evolution from the simple to the imparipinnately compound leaf, 
the trifoliolates have been differentiated coupled with reduction in the length of the 
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calyx through such simple leaved intermediates as exhibit a reduction in the length 
of the calyx (J. malabaricum). Engler and Prantl (l.c) consider the simple leaf as 
only the transformed terminal leaf-let of the imparipinnately compound leaf, and on 
this basis species with imparipinnately compound leaves must be considered to be 
primitive and the simple leaved ones as advanced as shown below :— 


_ Imparipinnately | | 


| compound. | Trifoliolate | =e 4 Simple leaf. | 
— | : | 
Y | ae y 
ie grandiflorum | J J. sambac 
. Offic 2 | : ay 
J. officinale Laterals as big Laterals mere f het 
as terminal. auricles. ii She Gop | 
l ; —omeee J. sessiliflorum | 


y Y 
J. calophyllum J. auriculatum 
J. flexile | 


Taking the corolla lobes, the evolution may be represented as follows. In the 
simple leaved (wild) species the corolla lobes are linear and almost laciniate with 
acute tip. In the trifoliolates they are elliptic and less acute, while in the impari- 
pinnate ones they are more ovate and obtuse. In the cultivated varieties, especially, 
the selection seems to have been towards the broader ones. In the varieties of 
J. sambac, these three grades of corolla differentiation are observed. Taking the 
simple leaved (wild) species with linear laciniate corolla lobes as more primitive, 
the scheme of evolution may be. | 


Simple leaf. Trifoliate, | | Imparipinnately |_| 
Corolla-linear —— Corolla-elliptic, || compound. | 
laciniate. | 


less acute. 


1 
Y 


Y 
| J. auriculatum 


Corolla-ovate obtuse. 


i 


J. grandiflorum 


; nae | J. flexile J. officinale 
Cae ao Wale. J. calophyllum 
J. sambac | 
{ J. rigidum | 
Corolla J. sessiliflorum 
= ae i J. Rottlerianum 
Se = J. angustifolium 
Elliptic acute | Ovate obtuse 
ie areas ——— ol 
Sujimallige Duudumallige 
Iruvantige Adukkumalli 


The chromosome morphology of the simple leaved species bears more resemblance 
to those of the trifoliolates rather than to those of the compound leaved ones. The 
simple leaved species are numerically greater than the trifoliates and hybridizatian 
between the two has not been successful. 


IV. Summary : The species sambac includes two groups of plants, on with 


elliptic leaves and lanceolate corolla lobes, and another with ovate leaves and corolla 


lobes. 
‘Differences in morphological characters were observed in plants (growing wild 
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Table 1. Varieties and 


Name of 


Serial Name of | Cultivated (-) ate 
Number. Species. | or Wild (+) Chie “Chatactemsite Variety. 
1 2 | 3 4 | 5 
1 J. sambac Ait. | _— Group A. Leaf: simple-opp- | var i 
| osite-elliptic-dark or yellow  Sujimallige 
green-Flower buds conical.| (Kannada) 
Lobes-elliptic to oblong-acute- 
Single whorled-rarely two. | | 
Corolla tube shorter than | 
lobes-rarely two. | 
| | 
| 
| 
| 
| 
var il 
Iruvantige 
(Kannada) | 
| 
Group B. Leaf. simple-opposi- var ili 
te-ovate or ovate elliptic- | Dundumallige 
dark-green. Flower buds (Kannada) 
globose-lobes oblong to orbi- 
cular. | 
| 
var iv | 
Elusuthu | 
mallige 
(Kannada) | 
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Characters of 
the variety. 


6 
Leaf-yellow green. 
Lobes 1.5-2.5cms 
long. 0.4-0.6cm 
broad 


Leaf - dark - green - 


Telescoping of flow- 


ers lobes 1.8-2cms 
long & 08cm 
broad, 


One to two whorls 
of corolla 


Leaves in whorls- 
flowers rose like 


Name of || Characters dis- Floral 
Romn | tinguishing form 2n jabnormali- 
variety. | ty type 
7 | 8 | 9 10 
| an | — | 26 | Normal 
| | 
| 
| | 
| | 
| | 
form i Internodes, petioles | 26 " 
| bracts and  calyx- | 
purple. Leaf - dark | 
green. 
form ii — Leaf-dark-green-lobes | 26 " 
ovate. 
form iil Corolla lobes very | 26 " 
|(Kasturimalli) leng. 4-4.5cms long/ 
| 0.4-0.6 cm broad. 
form iv Leaf-dark green-lo- | 26 " 
(Manmatha- bes-intermediate in 
banam) — length between yar i 
& form iii 
form v Two whorls of co-| 26 Type I 
_ rolla. inner unfolding 
late | 
| 
| 26 | Type III 
| 39 Type I 
| 
form vi Corolla lobes many |, 26 | Type II 
(Moonaduk- | whorled-anthers _be- 
kumalli) coming petaloid 
26 | Type 1V 


15a 


15b 


| Sets fruits 


Z Bit 


Remarks. | 


| 
12 | 


and Seed- | 
lings raised.) 


Virupakshi 
(Tamil) 


Gundumalli 
(Tamil) 


Adukkuma- 
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and cultivated) of J. rigidum, J. auriculatum and J. flexile. 

The seedlings of the cultivated J. flexile showed mendelian segregations for 
leaflet size and shape. Four types of floral abnormality in J. sambac varieties are 
described as also their probable method of origin and differentiation. 

The relationship between the simple, trifoliate, and imparipinnately compound 
leaved species and their origin are discussed in respect of the leaves, calyx and 
corolla lobes. 
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Appendix I 
Classification of the Jasminums as given by different Systematists. 


1. Walpers C.G. (1852) Annals Botanices Systematiceae, Vol. 3. 
Section J-Unifoliata 
i) Calyx Jobes subulate and elongate 
ii) Calyx subtruncate 
Section II-Trifoliata 
i) Calyx shortly dentate 
ii) Calyx laciniate 
2. Engler and Prantl (1897). 
Section I-Unifoliata 
Section [l-Trifoliata 
Section IJ]-Alternifolia (Leaves cut up into three or more leaflets.) 
Section I1V-Pinnatifolia (Leaves imparipinnately compound) 
3. Hooker J.D. (1882) Flora of British India I] 590 Reeve & Co. London. 
Group I. Leaves simple, calyx pubescent. 
(This section proceeds from the species with long to those with short calyx 
teeth) 
Group II. Leaves trifoliate. 
Group III. Leaves imparipinnately compound. 
4. Gamble (1936) 
Group I. Leaves simple. 
i) Calyx pubescent or glabrous 
ii) Calyx snbulate or short 
Group II. Leaves compound. 
i) Leaves trifoliate 


ii) Leaves imparipinnately compound : 


Transmission Rate of Photoperiodic Stimulus in 
Pharbitis Nil. 


by Shun-ichiro IMAMURA* and Atsushi TAKIMOTO* 
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Soon after the discovery of photoperiodism, Garner & Allard, working with 
Cosmos sulphureus, a typical short-day plant, demonstrated that a continuously 
darkened portion of a plant exhibited some response when an adjacent portion of 
the same plant was exposed to short day, indicating some transmission of the 
short-day stimulus to the portion that was kept in darkness 4). Knott working 
with spinach, a long-day plant, found that long-day treatment of the leaves induce 
flowering, even if the bud was exposed to short day. He concluded that some 
substance or stimulus produced in the leaves must be transported to the growing 
point causing initiation of floral primordia. Since then many investigations 
have been concerned with the transmission of flower inducing stimulus and many 
important results have been obtained!-5.610.12,13 But as to the transmission rate of 
the stimulus only a few reports are known. So far as the present authors are 
aware, the papers by Cajlachjan are the only reports, in which the numerical value 
of the transmission rate is mentioned2}3, The purpose of the present investigation 
was to fill this gap in our knowledge of the physiology of flowering. 


Materials and Methods 


The strain “Violet” of Pharbitis Nil was used in the present research. The 
photoperiodic behavior of this strain was briefly summarized in previous papers®?. 
Upon removal of the main axis the axillary bud of the uppermost leaf begins 
to develop. If such a plant is transferred to short day condition, floral initiation 
occurs on the developing axillary shoot. In most cases the growing point of the 
shoot gives rise to flower primordia from a certain node upward in acropetal 
succession, leaving several buds at the base in vegetative state. The position of 
the node which bears the first flower primordium varies, provided other conditions 
remain the same, according to the time elapsed from the topping of the main axis 
to the beginning of dark treatment. The later the treatment is started the higher 
is situated the node, on which the first flower appears. This is due to the fact that 
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more basal buds of the developing shoot are determined irreversibly as vegetative 
when the period between the removal of the main axis and dark treatment is 
increased and do not respond any more to photoperiodic stimulus. An example is 
represented in Table 1. On July 7th, 1949 the seeds were sown in a seed bed under 


Table 1. Position of the first flower primordium on the developing receptor shoot in 
relation to the delay of the start of a single dark period of 16 hours’ 
duration after removal of the main axis. 


Distribution of the first flowers on the te 
receptor shoots. Position of the 1st 


Time in days elapsed flower primordium, 
between topping and as indicated by the 
dark treatment. average number of 


Number of the nodes. 


I i atti esi SVe Vir Vile Vill nodes. 
0 0 de BAG ADa o 0202 Den, 40 2. 80-40. 092 
1 0 Oe lbes I er 0" iO 0, 20 3.50+0, 114 
= 0 0 DO), vl Se yg 1h ead 0 5. 3040. 128 
4 0 0 ONO 223 102-3 


6. 78-0. 207 


continuous illumination. After germination 100 seedlings were selected for uniformity 
and divided into five groups. 20 plants of each lot were planted July 12th in a box 
measuring 32cmx24cmx12cm in four rows of 5 plants each, set at equal spaces 
between them. On July 29th the plants had two fully expanded leaves. The main 
axis was cut off above the second node, and all leaves and buds, except the second 
leaf and its axillary bud, were removed. Then, one lot of 20 plants was immediately 
subjected to a single dark treatment of 16 hours’ duration. 3 other lots were treated 
in the same way 24, 48 and 96 hours later, respectively. The remaining lot served 
as control and received no dark treatment. The experiment was carried out in the 
greenhouse, where the temperature varied considerably. The treated plants were 
returned to continuous illumination by natural day light supplemented with incan- 
descent electric light of 60 watt hanging 50cm. above the leaf surface. Luminosity 
at night was ca. 100 foot candles. After 19 days the plants were collected and 
examined for flower initiation. All the control plants had no flower primordia and 
remained strictly vegetative. 4 plants of the lot, which received dark treatment 
immediately after topping, initiated the first flower primordium on the second node 
and the remaining 16 plants on the third node. Thus on the average the position- 
number of the node on which the first flower primordium appeared was 2.80. In 
the second lot half of the plants initiated flower primordia on the third node and 
the other half on the fourth. On the average the position-number of the node was 
3.50. The lots, which received dark treatment after 48 and 96 hours from the 
topping had the first flower on the 5.30th and 6.78th node respectively. These 
positions of the first flower show to what extent the receptors had advanced in 
their development before they received the stimulus transmitted from the donor 
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leaf. Therefore the position of the first flower primordium can be used as a 
measure of time, in which the stimulus reaches the receptor bud with enough 
intensity to cause floral initiation. 

For the estimation of the transmission rate two branched plants were used. 
They were obtained by clipping the plumule in early seedling stage and forcing the 
two buds in the axis of the cotyledons to develop, which otherwise remain dormant. 
After the plants attained the size desired, the axes of both cotyledonary shoots 
were removed. The uppermost fully expanded leaf of one branch was.used as donor 
leaf and all other leaves were removed. All the buds were also removed except 
that at the uppermost node of another shoot, which served as receptor bud. The 
plants were immediately transferred to the dark room from 4p.m. to 8a.m. of the 
next day and this was repeated for 5 days. In time-measuring lots the uppermost 
fully expanded leaf and its axillary bud were used as donor and receptor, all other 
leaves and buds having been removed. Dark treatment was given in the same way 
as in the experimental plants, immediately, one day, two days etc. after the removal 
of the main axis. After the treatment they were grown under continuous illumi- 
nation for 14 days or more, thereafter the position of the first flower of the experi- 
mental plants was compared with that of the time-measuring plants. 


Experimental results 


Experiment 1. On June 29th, 1951 seeds were sown in the garden under continu- 
ous illumination supplemented with electric light at night. On July 3rd 180 seedlings 
were planted in nine boxes of 20 plants each and by removal of the main axis on 
July 8th cotyledonary shoots were forced to develop. On July 30th 50 plants with 
two well developed cotyledonary shoots were selected for experimenting. As the 
two cotyledonary shoots developed seldom with equal vigor and were often different 
in length, leaf number and so forth, 50 plants were divided in two groups. In one 
group (a), two branches were relatively equal in their development, but in another 
group (b), they were so different that it seemed reasonable to treat them as a 
separate group. From the remaining plants 64 were used in 4 time-measuring lots 
of 16 plants each, and 33 plants as light control. The remaining plants which 
developed only one cotyledonary shoot were discarded. As the plants of different 
lots grew in one box, dark treatment of 16 hours’ duration for 5 days was given by 
enclosing the donor leaf blade with a bag of light-proof paper.. Time required for 
the enclosing procedure was at most ca. 30 minutes. 

Group (a): This group consisted of 25 plants with relatively equally developed 
cotyledonary shoots. The second leaf of one branch served as the donor leaf and 
the second bud of another branch as the receptor bud. On the average the length 
of the stem of the donor branch was 58.8cm., that of the petiole 80.0 cm. and of the 
stem of the receptor branch 74.3cm. 21 days after the start of treatment the shoots 
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developed on the second node of the receptor branch were examined. The result 
is Shown in Table 2 a-c. At the end of the experiment 22 plants could be evaluated, 
three plants were discarded because of the damage suffered by the petioles in the 
course of the experiment*. The first flower appeared in one plant on the 2nd, in 4 
plants on the 3rd, in 6 plants on the 4th and in 11 plants on the 5th node. The 
average position-number of the node, on which the first flower appeared was 4.23. 


In the time-measuring lots the plants treated immediately after the removal of 
the main axis initiated the first flower primordium on the 2.53th node on the 
average. In the plants treated 24, 48 and 72 hours later, the first flower primordium 


Table 2a 


Position of the first flower primordium on the receptor branch, induced by 


a single donor leaf on another branch in two-branched plants. Experiment 1. 


| Length of the path in mm Average po- 
| Number of Sire indi- 
Grou lants ; cating num- 
: Uneread® Petiole of | Stam of the | Stem of the | ber of the 
the donor paar h | receptor Total Ist flower 

| leaf | CF Eanes branch primordium 
(a) | 221) 80.0+2.86 58. 83.38 | (4 ase.02 | 213. ae4574 |) 4223550) 1977 
(b) 232) 99.9+2. 26 22% Wate a2 84.9+2.40- | 205.9+3.90| 4.780.140 

l . 


Table 2b. Position of the first flower primordium in relation to the time elapsed 


from topping to the start of short day treatment. Time-measuring lots. 
Time elapsed from the 
topping to the start of 03) 243) 483) 723) 
dark treatment in hours. | 
Number of plants observed | 15 | 15 14 | 16 
Petiole length in mm. 90.9+3.10 | 88.5+4.01 03, 8223.20 OB mlet= anal. 
Position of the first flower | 2.5340, 247 3. 73 £0. 228 5. 14+0. 143 6. 25 +0. 266 


Table 2c, Calculation of transmission rate. 
aaa ae pres ae Difference in Retardation of | Transmission 
Group Ba penne aeal teenie asuring path length stimulus in rate in mm. 
plants in mm, | plants in mm, |‘ ™™ hours per hour 
(a) 213.1 121.9 ay, 3.8 
(b) 205.9 91.20 114.7 41.9 2.7 
1) donor: second leaf, receptor: second bud. 
2) donor: first leaf, receptor: second bud. 
3) donor and receptor on the second node. 
4) The petiole lengths of two time-measuring lots, between which the interpolation 


was done, were different, their average value was used for calculation: 


(88.5 +-93.8)/2=91.2 


_* The petioles were damaged also in some plants of other lots, and such plants were excluded 


from observation. 
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appeared on the 3.73th, 5.14th and 6.25th node, respectively. From this results we 
may conclude that in the experimental lot the flower initiating stimulus reached to 
its receptor bud later than in the 24 hour lot but earlier than in the 48 hour lot. 
By interpolation we could calculate when the dark treatment of the time-measuring 
plants should be started to secure. the same position of the first flower as in the 
experimental lot. It was calculated to be 32.5 hours after the removal of the main 
axis. The delay of the arrival of the stimulus to the receptor bud is due to the 
difference in the path length, which the stimulus must traverse in the experimental 
and in the time-measuring plants. 

To calculate the average velocity, it was assumed that the stimulus, regardless 
of the nature of the organs concerned —— stem and petiole -——, and of the direc- 
tion ——- upward and downward ——, is transmitted with equal velocity. The 
difference of the total path length between the experimental and the time-measuring 
lots was 1219mm. So we obtain as average velocity 121.9/32.5 i.e. 3.8mm. per 
hour. 

Group (b): This group consisted of 25 plants with relatively unequally developed 
cotyledonary shoots. As the receptor bud the second axillary bud on the longer 
shoot and as the donor leaf the first leaf on the shorter shoot were used. In the 
time-measuring lots the second leaf of the longer shoot was used as donor and its 
axillary bud as receptor. The average position of the first flower primordium was 
4.78, and the delay of the arrival of the stimulus as compared with the first and 
second of the time-measuring lots was 41.9 hours. The difference of the total path 
length between the experimental and the time-measuring plants was 114.7 mm. 
The velocity of transmission was therefore 2.7mm. per hour on the average. 

Experiment 2. On the 15th of June 1952 the seeds were sown and on the 20th 
160 plants were planted in eight boxes, 20 plants in each, and two-branched plants 
were obtained in the same manner as described above. The experiment was started 
on the 15th of July. 

Group (a): 40 plants with relatively equally developed cotyledonary shoots 
were selected for one experimental group. The 2nd and 3rd leaves of the shorter 
branch were used as donors and the 3rd or 4th lateral buds as receptors. Position 
of the first flower was 4.61 on the average of 38 plants examined, as shown in 
Table 3a. 


3 lots of 20 plants each were used as the time-measure. The 3rd or 4th leaf 
and their axillary buds were left intact as donor and receptor. 20 plants received 
no dark treatment and remained strictly vegetative. The position of the first flower 
in the plants treated 24 hours after topping was 3.38. Those of the time-measuring 
plants treated 48 and 72 hours later were 4.50 and 5.30, respectively. The delay of 
the arrival of the stimulus to the receptor bud in the experimental lot as compared 
to the time measuring lot was 51.3 hours. The difference in the path length was 
147.6 mm. and we could calculate the velocity as 2.9 mm. per hour. 
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Table 3a. Position of the first flower primordium on receptor branch, induced by 


a single leaf on donor branch. 


Experiment 2. 


| 
| Leagth of the path in mm Average po- 
Number of sition _indi- 
Group plants : eae SaaS SS cating num- 
observed Petiole of Gieanver the Stem of the ber of the 
the donor gonor eae receptor Total Ist flower 
leaf branch primordium 
(a) 38D 100. 9221.37 | 37.1+:2.59 97.83:3.99 |235.846.46) 4.6140. 163 
(b) 232) 122.344. 58 11.8+0. 78 98.7+4.09 |232.94+7.62) 4.79+0. 202 


Table 3b. Position of the first flower primordium in relation to the time elapsed 
from topping to start of short day treatment. Time-measuring lots. 


Time elapsed from topping | | 
to start of dark treatment 24 48 72 
in hours 
Number of plants observed 183) 20) 205) 
Petiole length in mm. 88. 8+3.94 90.744. 23 85.6+4. 85 
Position of the first flower 3.38+0. 211 4.5040. 154 5.30+0. 193 
Table 3c. Calculation of transmission rate. 
—. | ant ng | Difference in | Retardation of | Transmission 
Group | experimental Gme-Geeasurine ee 5 length aaa in pee mm 
plants in mm. | plants in mm. | oa ey aia 2 
(a) 235.8 | 147.6 | 51.3 2.9 
(b) 232.9 PERE ee) H 144.7 | 56.7 2.6 
1) donor: in 26 plants the second, in other plants the third leaf. receptor: in 30 


plants the third, in other plants the fourth bud. 

donor: the first leaf, receptor: the third bud. 

donor and receptor: in 9 plants on the third, in other plants on the fourth node. 
donor and receptor: in 8 plants on the third, in other plants on the fourth node. 
donor and receptor: in 10 plants on the third, in other plants on the fourth node, 


2) 
3) 
4) 
5) 


Group (b): 25 plants with unequally developed branches were used in this 
group. The first leaf on the shorter branch was used as donor and the 3rd bud on 
the longer branch as receptor. The position of the first flower primordium was 
4.79. The delay amounted to 56.7 hours and the difference in the path length was 


144.7 mm., so the velocity of transmission was 2.6mm. per hour. 


General consideration 


It may be admitted that the experiments mentioned above have some error 
sources. All the buds and leaves of the donor and receptor branches of all experi- 
mental and time-measuring plants should be strictly comparable concerning their 
physiological condition in order to obtain a convincing result. This. was not strictly 
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the case in the above experiments, especially when the two cotyledonary branches 
differed conspicuously in their development. The sensitivity of the donor leaf and 
the morphogenic reactability of the receptor bud may have been different in the 
experimental and the time-measuring lots. The leaves of the experimental plants 
were often older than those used for time-measure. Concerning this point group 
(a) of experiment 1 is the most reliable, since the difference was the least. 

The calculation was made under the assumption that the stimulus travels in 
stem and petiole, upward and downward, with equal velocity. But a preliminary 
experiment showed that the stimulus seems to move acropetally more easily than 
in the reverse direction. Regardless of the elements of uncertainty contained in 
the experiments, we may conclude as an approximation that the floral stimulus may 
be transmitted with an average velocity of 2-4mm. per hour. This value is large 
in comparison with that obtained by Cajlachjan in Perilla. He has obtained values 
approximating 2cm. in 24 hours in stems and 0.5cm. in 24 hours in roots. In citing 
his work Lang states: “It is however, uncertain whether the observed rates were 
optimal, since in the experiments the length of the transport route (down and up a 
whole stem, split lengthwise) may have been out of proportion to the size of 
the supplying area (a single leaf)’. To our great regret, his works were not 
available to us, so we cannot decide whether the discrepancy is due to the difference 
in the experimental methods employed or to the difference of the plants used. The 
latter alternative might not be excluded as various plants are remarkably different 
in the ease with which the floral stimulus is transmitted. 


Summary 


Urder the assumption that the photoperiodic stimulus travels with uniform 
velocity not only in petiole and stem, but also in acropetal and basipetal direction, 
the average rate of transmission was found to be 2.6-3.8 mm. per hour. 


Literature cited 


1) Cajlachjan, M.H. Moskau-Leningrad (1938). (cited after Ber. ii. wiss. Biol. 49: 68-69). 
2) Compt. r. Acad. Sci. U.R.S.S. 27: 253 (1940). (cited after Lang). 

3) ———— Compt. r. Acad. Sci: U.R.S.S. 27: 370 (1940). (cited after Lang). 

4). Garner, W. W. and H.A. Allard Jour. Agr. Res. 31: 555-566 (1925). 

5) Hamner, K.C. and J. Bonner Bot. Gaz. 100: 388-431 (1938). 

6) Harder, R. Symposia Soc. Exptl. Biol, 2 (1948). 

7) Imamura, S. Proc. Japan Acad. 29: 368-378, (1953). 

8) Imamura, S. and Takimoto, A. Bot. Mag. Tokyo, 68, 235-241 (1955). 

9) Knott, J.E. Proc, Amer. Soc, Hort, Sci. 31: 152-154, (1934). 

10) ,Kuipjer, J. and L.K. Wiersum . Proc, Kon. Akad. van Wet. Amsterdam. 39: 1-10, (1936) 
11) Lang, A. Ann. Rev. Plant Physiology. 3: 265-306 (1952). 
12) Melchers, G. Biol. Zbl. 57: 568-614, (1937). 


13) Moshkov B. S: Compt it Ac ad Sci N att i 
> . . . . . ove dD, -S. 15 5 uli 213 1 u 


Studies on the Leaf Nodules V 
The Formation of Knobs by the Effect of Antibiotics 
on the Ardisia crispa and A. punctata 


by Tamotsu YAMADA* 


UALR: AEA L SRE MORMOVR 


Recewed June 21, 1955 
I. Preface 


In the preceding report (1954) the author published the results of the effect of 
heat treatment on the Ardisis crispa and the A. punctata; in this paper the influence 
of antibiotics on them especially the knob formation will be described. 

Miehe (1929) and the author (1953) reported that when the seeds of the A. crispa 
(Manryo) and the A. punctata (Karatachibana) which are the two only species of 
leaf-nodulated plant growing in Japan are treated with heat (45-55°C), some 
seedlings from them grow into non-leaf-nodulated plants, and the non-leaf- 
nodulated plants and some of the others come to have knobs (Hocker) on their 
various growing points of the plants and after that the growth of them stop. 

We have observed that if the seeds or seedlings just after germination are 
treated by antibiotics, some of them grow into perfect non-leaf-nodulated plants and 
knobs are made on the growing points as in the case of the heat-treated plants, 
and all these knobs formed by antibiotic treatment can not be distinguished from those 
formed by heat-treatment. We are going to report briefly on the aquired results. 

With much gratitude I mention here the kindness of Mr. S. Iai, M. Miyama and 
N. Watanabe in photographing and valuable suggestions. 


II. Material and Methods 


The seeds of the A. crispa and A. pnnctata were collected in December, 1952 
and preserved in dry sand, and in May-July, 1953 they were used as materials after 
peeling. Solution of various concentration i.e. the 1000-57 solutions per cc of 
streptomycin (St), aureomycin (Au), chloromycetin (Ch) and terramycin (Te) were 
used in the following methods. 1) Seed treatment: Non or barely germinated 
seeds of the two species were immersed for 3-7 days in the above mentioned anti- 
biotic solution in sterilized dishes, and then they were sowed in flower-pots by the 
usual method. 2) Growing point treatment: In an early period of germination 
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when the cotyledon had not developed, treated the growing points with each anti- 
biotic of the above mentioned, absorbed in absorbent cotton, covering them with 
beakers and then changed the cotton every seven days, repeating this procedure 
four times in all, and after 16 months observed the result. 


Ill. Experimental Results 


1. Seed treatment: As shown in Table 1, in the case of the A. crispa, the 
number of the plants on which knobs were formed by the effect of antibiotics 
increases in proportion as the concentration of antibiotic solution is higher and the 
duration of immersing becomes longer, for instance, the 1000y solution is the most 
effective, and when the 7 day-treatment is compared with the 3 day-treatment, the 
number of the plant on which knobs were formed in the former case is two times 
as many as that in the latter. In the case of the A. punctata, germination was 


Table 1. Formation of the knobdbed plants as affected by antibiotics to the 
non-germinated seeds of the A. crispa and A. punctata (%). 


cere reatment ova 7 days 
Concen- 
tration 
Reaabionte A B C Average A B C | Average 
St 33.8 (0) 20. 0 17.8 100.0 42.9 50.0 64.3 
8 Au 20.0 14.3 0 Wal. 4 50. 0 UGE, 
¢ Ch 38.3 42.9 0 25.4 100.0 | 100.0 75.0 hile 7 
S 
Ss me 100.0 | 28.6 75.0 67.9 90.0 80.0 25.0) 1" 6520 
Total average AGIG (cle Smead 30. 63 W2e50 05ers (950500 59. 41 
Control 0) 0 
St 100. 0 Sia 7 0 
S Au 0 50.0 16.7 
g Ch 0 100. 0 0 $3.3 100. 0 Some 
Sy 
& Te 0 100. 0 3303 
iu Total average 0 50. 00 0 16. 67 25.100) 25.00: 12.50 20. 83 
Control 0 0 
A= 1000 y B=500 y C=250y (per cc) 


very bad but the above mentioned relations in the A. crispa could also be recognized. 
Through these experiments, it is clear that Ch, Te and St are effective on the 
formation of knobs, and knob-forming plants are more in the A. crispa than in the 
A. punctata, and this phenomenon was also found in the case of heat treatment. 

When radicles of the A. crispa elongate about 05cm long and treat the seeds 
in the same way as mentioned above, the result is obtained which is shown in 
Table 2, but in this case, many of them treated for 7 days, died before the shoots 
sprung up from the ground, but in the case of the seeds treated for 3 days, knob- 


October 1955 Bot. Mag. Tokyo, Vol. 68, No. 808 269 
Fig. 1—3. 
1. Knobbed A. punctata (upper) and A. crispa (lower) caused by streptomycin. 
2. Knobbed A. crispa caused by chloromycetin. 
3. Non-leaf-nodulated A. crispa caused by streptomycin. 
Table 2. Formation of the knobbed plants as affected by antibitics to the 
just germinated seeds of A. crispa (%). 
SS | - ~ | 
“Treatment gee | W dave 
~_Concen- ——| 
0 tration allel a = an? (ioe 5 oe ae oe = 
Lone. 2s. |e | Average | A B C Average 
St 100.0 | 100.0 66. 7 0 0 
Au 0 | 100.0 | 33.3 44.4 20.0 6.7 
Re Ch 1000, Cmali6 eee, 0 
| 
.. | Te | 100. 0 ARES 100.0 | 100.0 66.7 
a Total average 25, 00 | 50. 00 | 58. 33 44,44 25.00 | 380.00 18. 33 
Control | 0 0. 


forming plants were produced in the inverse ratio to the degree of the concentration 
of the antibiotic solution. The reason for this phenomenon seems that the death of 
the seedlings was caused by the too strong action of higher concentration of the 


antibiotic solution and long duration of treating time. 


2. Growing point treatment: In the A. crispa, the number of knob-forming 


plants by the treatment grows larger in proportion as the concentration of antibiotic 


solution becomes higher as shown in Table 3. In this case, the 10007 solution of 


each antibiotic is the most effective for the formation of knobs but the 5¥ solation 
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Table 3. Formation of the knobbed plants as affected by antibotics by the 
growing point treatment to the A. crispa and A. punctata (%). 


ae A B Cc D E F G H Average 
Antibiotic ~~_ 
St 100. 0 0 $5.7 | 100.0 1087-5). 50s aies7..o 0 57. 59 
Au 66 7 mee oy 8527 || 10:0 1200 6.7 0 31. 45 
$ Ch 100.0 | 50.0 0 25.0 | 33.3 | 28.6 0 0 29. 61 
S Te 30.0 | 90.0 | 83.3 0 0 16.0 33, 36 
% | -Total-Averagel - 86.68'| 50:63 | -63.68 | 38.75 | 35.20 -21.33-| 13.18| 0 38. 08 
Control | 0 
St 100.0 | 50.0 100.0 <}o2 80 100. 0 0 43.75 
= Au 85.8 | 100.0 0 Ove 0 0 23. 23 
3 Ch 50.0 | 33.3 | 60.0 33.3 | 0 0 66.7 | 30.41 
& Te 25.0 0 40.0 71.8 0 0 0 17.10 
<i | Total average| 43.75 42.28) 50.00| 0 51.28 | 0 25.00} 16.18 | 28.62 
Control 0 


D=125y E=60 y F=30 y G=15y ory (per cc) 


of any antibiotic yields no knob. Streptomycin was the most effective of all and 
the plants having knobs amount to 57.59% in average. 

In the other hand, in the case of the A. punctata the above mentioned relations 
were not distinctly recognized and this seems to have resulted from the death of 
many plants after the treatment, but it is presumable, however, that streptomycin 
is the most effective as in the case of the A. crispa. Through these experiments a 
few non leaf-nodulated plants grow in the case of the A. crispa. On the A. punctata 
some non-leaf-nodulated leaves were got for the first time by this method and 
knobbed plants amounting to 66.7% were got exceptionally by the treatment of the 
5 y solution of Chloromycetin. 

3. Anatomical structure of knobs formed by the treatment of antibiotics: 
As already mentioned, when the seeds or the growing points of the A. crispa and 
the A. punctata are treated by some antibiotic solution, knobs are formed on each 
growing point in the next year. To these knobs, the author has given the following 
names for the sake of convenience apical, axillary, and cotiledon knob by the part 
of its formed. 

The knobs of the A. crispa formed by the treatment of antibiotic are round, 
ellipse or irregular in shape, just like those formed by the treatment of heat, and 
are larger than those of the A. punctata, and the color is dark green or greenish 
brown. In the case of the A. punctata the knobs are round:and not ellipse, and 
smaller than those of the A. crispa and the color is deep green or green. This 
color comes from chloroplast contained in the cell of outer cortex, and from the 
color of epidermis itself. 
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By fixing and staining the knobs, we can see that the outer part of the knob is 
covered with a single layer of epidermis and the main part of them is filled with 
many parenchymatous cells of cortex and a central cylinder as Fig. 4-8. It can 
safely be said that knob-formation begins with the projection of a central cylinder 
upwards just like the development of lateral root, and then epidermis and cortex of 
the stem attach themselves around it and becomes larger mainly by the enlargement 
of the cortex cells, and thus a knob completes itself. Sometimes, knobs are made 


by the inhibition of the development of primordial leaves of various erowing 


Fig. 4—6. 


4. Longitudinal section of an apical knob of A. crispa caused by streptomycin. ca x70 
5. Cross section of an apical knob of A. crispa caused by chloromycetin. cax70 
6. Longitudinal section of an axillary knob of A. crispa caused by chloromycetin. cax 70 


igh 7—9: 
} 7, Longitudinal section of an axillary knob of A, punctata caused by chloromycetin 


(upper part), cax70 
8. Longitudinal section of an axillary knob of A. crispa caused by streptomycin. ca x70 


9, Formation of an apical knob of A. punctata caused by the thicking growith of the 
primodial leaves in the treatment of streptomycin, afterwards the growing point and 
the leaves are sealed by the surrounding tissue and completes a knob. cax70 
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points, in this case the leaves are thickend and cover the growing point, then the 
just under tissue of the growing point starts the thickning growth and lastly seals 
the entire growing point and primordial leaves. 

No meristem could be recognized in knobs but the cells of the growing point of 
the stem still exists sealed in knobs, and they seem in some extent to be in the 
state of cell division. Almost all the outer cells of the knobs are living but the 
inner ones are dead and cell contents of them are generally scanty. 

From the fact that some undifferentiated primordial leaves are attached to the 
side of the apical part of the knobs or wrap it as Fig. 9, it is presumable that at 
first the antibiotic prevents the growth and development of the primordial leaves 
and on the other hand, a central cylinder elongates upwards and then in this process 
the formation of knobs is promoted. But the fact that the leaf-nodule-bacteria not 
exist in any parts of them is ascertained microscopically. From these results, it 
can be decided that the knobs formed by antibiotic treatment coincide with those 
formed by heat treatment in every respect. 


IV. Consideration and Conclusion 


As mentioned above, knobs are formed in the A. crisba and A. punctata when 
the seeds or growing points of the seedlings are treated by antibiotic solution of 
various concentration, and the formation of knobs has direct relation to the range 
of the concentration of the solution and the duration of immersing in it and the 
effect of the 5y solution of each antibiotic, excepting that of Ch, on the A. punctata 
was not utterly acknowledged. On the other hand, as mentioned in the foregoing 
report, in the case of the heat treatment of the seeds, knobs were formed in 
proportion to the treatment temperature and the duration of treatment, but by the 
treatment at 45°C for 10 minutes they were not formed in the both species. From 
these facts, can say that the formation of the knobs by the both treatments are 
quite similar. In either treatment and in either species, the knobs are formed from 
the same origin and the internal structure is also similar, this being recognized 
clearly by the anatomical investigation of them. And from the fact that neither 
meristem nor leaf-nodule-bacteria exist in them, it can safely be said that the 
formation of the knobs is due to the same physiological cause. 

The knobs are formed by the treatment of antibiotic or that of heat only in 
the case of such leaf-nodulated plants as the A. crispa and the A. punctata which 
have leaf-nodules in normal condition. But in the case of non-leaf-nodular plant 
such as the A. japonica which is very nearly related to these two species, the knobs 
are not formed by these treatments. Namely the formation of knobs is the pheno- 
menon observed only in the leaf-nodulated plants. By this result, it can be pre- 
sumable that the formation of the knobs is related to the existence of leaf-nodule- 
bacteria, whether they are living or not. Then it is probable that leaf-nodule- 
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bacteria which had clustered on the growing points die out by the effect of heat or 
antibiotic treatment and at the time of treatment knob-forming substance may be 
secreted by the bacteria, which substance stimulates the cell division of the young 
cells of the growing parts, thus the knobs being formed, It is also suggestible that 
stimulation substance acts on the formation of leaf-nodules, cooperating with physical 
stimulation given by bacteria to young leaf tissue. (The knob forming substance 
will be dealt with in another report afterwards). 


V. Summary 


1. If the seeds and growing points of the seedlings of the A. crispa and the 
A. punctata are treated with each solution of high concentration of streptomycin, 
aureomycin, chloromycetin and terramycin, knobs are formed on various growing 
points of the plants and then the growth of the plant stop as in the case of heat 
treatment, but in the A. japonica which is closely affined to them and non-leaf- 
nodular plant, knobs are never formed either by antibiotics or by heat treatment. 

2. Knobs are formed in proportion to the degree of concentration of the solution 
and the duration of treating time, and in the same method of treatment knob-forming 
ratio of the A. crispa are generally higher than that of the A. punctata and the size 
of the knobs of the former plant is larger. 

3. The knobs are formed of epidermis, cortex and central cylinder, and no 
meristem and leaf-nodule-bacteria are recognized in any part of them by microscope, 
and the structures of them are almost as same as those formed by the treatment 
of heat. 

4, It is probable that the formation of the knobs is due to a substance, secreted 
by the leaf-nodule-bacteria, which cluster on the growing point and die by the 
treatment of antibiotic or of heat, and that this knob-forming substance may also 


acts on the formation of leaf nodules to some extent. 
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The internodial cell of Chara or Nitalla has been used in many experiments as 
a suitable material for the study of protoplasmic streaming, bioelectric phenomena, 
osmosis, etc. With respect to the growth and morphogenesis of the internodial cell, 
however, our knowledge is still meager. Osterhout (1952) mentioned the existence 
of a longitudinal polarity in the cell, since when it is freed from ‘neighboring long 
cells and kept at 15°C new shoots appear at one end and roots grow. out at the 
other end. These new growths arise from small cells located at the terminals of 
the cell. 

The present work deals with the behavior of an isolated internodial cell with 
special reference to growth and morphogenesis. The internodial cell, which is freed 
from the mother plant, continues its growth and occasionally forms new: shoots or 
rhizoids when it is kept in the native water in which the plant grew, but it can not 
survive long. When, however, the cell is cultured in the medium which consists of 
agar gel and the culture solution, it continues its growth and morphogenesis leading 
to a complete form having ‘leaf’ cells, ‘stem’ cells and ‘root’ cells. It was demon- 
strated in the present experiments that there exists a morphogenetic polarity in one 
and the same cell. For the basic culture medium tap water or dilute Knop’s solution 
was used. Besides, dilute IAA-K solution was also applied in the present experiment. 


Materials and Methods 


The internodial cells of both Chara coronata and Nitella flexilis were used as 
material. The length and the width of the material were respectively about 2.5cm 
and 500 « in Chara, and 3.0cm. and 400 in Nitalla. The plants were cultured in 
a large glass vat in the laboratory. The vat was at first filled with the pond water, 
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in which the plant grew, but it was gradually replaced with tap water (pH 6.8). 
The internodial cell freed from the neighboring cells was placed in distilled water 
for 24 hours in order to clean its surface and to recover its normal state from 
possible effects of cutting the adjacent cells, before it was transfered to the test 
tube or the Petri dish for artificial culture. The test tube is about 2cm in diameter, 
20cm in length, and the Petri dish is 2cm in depth and 5cm in diameter. 

The cells were cultured both in vertical and horizontal positions. In the former 
case, which we hereafter refer to as vertical culture for simplicity’s sake, the material 
was set in a test tube, while in the latter case, horizontal culture, it was set in a 
Petri dish. There are further two positions in vertical culture according to whether 
the cell is set in the normal or inverted position. 

The test tube and the Petri dish were both filled by half with 0.8% agar. The 
rest of the tube or dish was filled with the culture solution, i.e. tap water, dilute 
Knop’s solution (1/20 conc. of the original solution) or JAA-K solution (10 mg/ 
500cc of distilled water). In the vertical culture the material was embedded into 
agar in such a way that only one end of the cell was in agar, while in the horizon- 
tal culture the cell was completely submerged in it. Embedding of the material was 
carried out soon before the agar gelatinized. These experiments were carried at the 
room temperature under the diffused light of about 30 lux. 

As a directly visible indication of the physiological conditions of the cell, the 
author payed an attention to the rate of protoplasmic streaming. The rate of flow 
being very sensitive to the change in temperature, the tube containing the cell was 
brought into a small water bath kept at 25°C on the stage of microscope when 
observations were made. The comparative values of the rate of flow were obtained 
from the period necessary for the particles in cytoplasm to travel a definite distance. 


Results 


1. The growth and morphogenesis of the cell in vitro 
A. Vertical culture 

a) Normal position 

In the case in which the apical-basal relation is same as that in the natural 
state, the growth and organ formation of material were most satisfactory. The 
cell continued to elongate by 8% of the original length after 30 days’ culture. In 
about 15 days after the cell was cultured in vitro, shoots were formed at the apical 
end of the cell and rhizoids arose from the basal end. These shoots or rhizoids 
increased their size and number with the result that the material took the complete 
form consisting of ‘leaf’ cells, ‘stem’ cells and ‘root’ cells. Fig. 1 shows the cell 
cultured in this manner for 40 days. Rhizoids reached several cm in length but 
they are not only colorless but also so fine that we could not recognize their clear 
figures without special caution. The rhizoids in Fig. 1 were stained with chlorzinc 
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iodine. Though rhizoids were also formed at the apical end of -the cell later, they 
were less and still finer than those developed at the basal end. But when the inter- 
nodial cell became old and decayed after a long culture, rhizoids at the apical end 
rapidly increased their size and number and supported new buds developing from 
the apical end. Thus a new complete plant was formed. 

For the formations of shoots and rhizoids IAA-K solution or Knop’s solution 
was more favorable than tap water. The next table shows the processes of elong- 
ation of shoot or rhizoid when these culture solutions were applied. Accoording to 
this table, it is revealed that JAA-K solution and Knop’s solution promoted 
growths of shoot and rhizoid by 40% and 20% respectively as compared to the case 


of plain tap water. 


Table 1. Length of shoots formed at the apical end and of roots formed at the basal 
end of the internodial cell cultured in vertical, normal position. (cm) 


i Days in culture | 
15 30 45 | 60 90 

Culture solution | 

| | 

Fe Tap water 0.3 Lez | 3.4 | Ba 3.8 
8 IAA-K sol. 0.6 1.9 4B, oy ed 5.9 
be Knop’s sol. 0.2 1.4 hehe aGr 4.9 
- Tap water Tes 1 a RRS 2.9 
s IAA-K sol. 1.6 oe eae 3.6 4.3 
a4 Knop’s sol. 1.4 2.0 aa ay Al 3.6 


The values shown in the table are the averages of five experiments in each case. 

The materials cultured in this manner continued their growth and differentiation 
eventually forming antheridia and oogonia in about 150 days. 

The above experiments clearly demonstrate the existence of morphogenetic 
polarity. New shoots always arose from the apical end of the cell, and rhizoids 
were formed primarily at the basal end. Later rhizoids were also formed at the 
apical end. These rhizoids, which were formed at the apical end, supported the 
newly grown-up body of considerable size as the substitutants of the rhizoids formed 
from the basal end. 


b) Inverted position 

In the case, in which the cell was kept upside down, a new shoot formed in 15 
days at the apical end which was actually set downward. Rhizoids arose in the 
Same duration of time at the basal end which was actually set upward. Rhizoids 
were formed also at the apical end later. These facts lead us to assume that the 
morphogenetic polarity is maintained even though the material is set in the inverted 
position just as well as in the normal position. 

When the lower half of the test tube containing material in the inverted position 
was covered with a black paper in order to keep dark the lower end of the cell, 
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which is actually the apical end, new shoots were formed from the upper end, which 
is actually the basal end, after about 15 days (Fig. 3) and at the same time rhizoids 
were formed at the apical end set downward. Thus the morphogenetic polarity of 
the cell could ke artificially reversed by changing light condition. 


B. Horizontal culture 
In this case the cell was cultured in horizontal position as shown in Fig. 10 in 
which A is the region of culture solution and B is the agar region in the Petri dish. 
The cell formed a new shoot from the apical end of cell and a considerable number 
of rhizoids from the basal end after about 15 days’ culture. They continued to grow 
for about 50 days. The morphogenetic polarity thus seems to be maintained in 
this case. 


A 
B 


Fig. 10 Fig. 11 


As the next step, the operation of strangulation was applied with the purpose of 
obtaining a single cell in absolute absence of small nodial cells which otherwise may 
not be removed completely. As in Fig. 11 the cell was tied off at two regions with 
strips of silk thread. The central fragment of an internodial cell which was 
strangulated at both its ends was cultured in the horizontal position. In this experi- 
ment, we observed that the strangulated cell fragment showed a little increase in 
length and, furthermore, that a new shoot was formed from the strangulated region 
of the apical side and rhizoids arose from that of basal side in about 20 days. This 
new shoot and these rhizoids could survive for more than 50 days. Although a 
shoot was formed also at the basal side and rhizoids came out from the apical side 
of the cell fragment later, they were weak and survived for only 10 days. These 
facts show that the morphogenetic polarity is still maintained to a certain extent in 
the cell fragment artificially formed by the strangulation. 


2. Observation of protoplasmic rotation 

As the cell of Nitella or Chara shows the typical protoplasmic rotation, the 
measurement of its velocity was carried out in the cell cultured in the vertical, 
normal position. The measurement was conducted in the manner mentioned above. 
One example of the results is shown in Fig. 12 in which the rate of flow is plotted 
against time. Ordinates represent the rate of flow in microns per second, and 
abscissas time of culture in days. 

The figure shows that the velocity of protoplasmic rotation was small for two 
or three days after cell was transfered to the culture medium, This decrease in 
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60 Shooting 


velocity is due probably to the possible 
mechanical shock accompanying the 
treatment. It is noteworthy that the 
rate of flow of protoplasm is obviously 
accelerated for several days prior to the 


(v./sec. ) 


shooting or to the rhizoid formation. 


After shooting, the rate came back to 
the original, constant value again. This 


Rate of protoplasmic rotation 


promotion in protoplasmic flow seems 15 10 15 90 % 30 35 40 
to show the increased activity of the Timenhiculture (day) 


cell function. Fig. 3 


Discussion 


When the internodial cell of Nitella or Chara was kept in various liquids in 
vitro such, as the pond water in which the plant grew, we observed an only 
insignificant growth. On the other hand, when it was cultured in the vertical, 
normal position by the foregoing method using agar, the cell showed a considerable 
growth and morphogenesis. This fact shows that agar may give some favorable 
conditions, physically or chemically, to the cell for the formation of rhizoid. 

The results of the present work clearly show the existence of the polarity 
concerning shoot and rhizoid formations. Osterhout (1952) pointed out that the 
longitudinal polarity of the Nétella cell is not altered. The results of the present 
work, however, demonstrate that this polarity can be reversed by light condition. 

It is likely that some substances inducing the formation of shoot or rhizoid may 
exist in the cell with the apical-basal gradient of concentration. Hammerling (1953) 
mentioned that the nucleus of Acetabularia controls the pattern of organization, 
especially of caps, by the production of morphogenetic substance. A similar situation 
as the one he describes may exist in the cell of Characeae in respect to its 
morphogenesis. 

We are in a position to assume that the substances having an effect upon 
shooting may move along the cell under certain light conditions, or that these 
substances may be activated or inactivated through the photochemical reaction. The 
foregoing experiment showed that only weat light is sufficient for inducing the shoot 
formation. This is well to be understood in view of the fact that the material 
usually grow at rather deep place in lakes. 

On the contrary, rhizoids were not only formed at the dark region but also at 
the bright region. Thus we can assume that light is not indispensable to the cell 
for rhizoid formation. The new rhizoids were also formed later at one end of the cell 
after the rhizoids were formed at the other end. This fact seems to show that the 
substances promoting rhizoid formation exist comparatively evenly in the cell. Hence 
the cell has a possibility of forming rhizoid at either end. 
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Jacobs (1951) mentioned that the formation of rhizoid in Bryopsis was promoted 
with auxin. In the present work, dilute IAA-K solution promoted formations of 
both shoot and rhizoid in the internodial cell of Characeae cultured in vitro. The 
substances which promote shooting or rhizoid formation may have a close relation 
to IAA, 

Protoplasmic rotation in the cell was obviously accelerated at the definite period 
before shooting. This increased rate of the protoplasmic flow may be due to in- 
creased metabolism. It is, however, noteworthy that a decrease in viscosity of 
protoplasm was ascertained, an increase in the rate of flow being observed in the cell. 

Linsbauer (1929) observed that the internodial cell of Characeae, which was tied 
off into two cell fragments, survived for 60 days. In his experiment the strangulated 
internodial cell was cultured in a Petri dish filled with well water and kept at the 
room temperature under the diffused light. But in his case the cell showed no 
morphogenetic change in spite of containing such cell components as nuclei, chloro- 
plasts, plenty of reserve materials, etc. He assumed that the strangulated internodial 
cell was already developed fully and it had no more morphogenetic ability. In the 
present result, the cell, which was artificially tied off at both its ends, not only 
increased its size but also formed new shoots and rhizoids. Linsbauer probably 
failed to observe the morphogenetic development of the cell due to his inadequate 
culture method. 


The author wishes to express his best thanks to Prof. N. Kamiya of Osaka 
University for his kind direction and helpful criticism throughout this work and 
alsoto Prof. T. Nakamura for his valuable advice. 


Summary 


1. The internodial cell of Chara or Nitella which was freed from adjacent cells 
was cultured in vitro for a long time in the following media with 0.8% agar: tap 
water, dilute Knop’s solution (1/20 of the original conc.), and dilute IAA-K solu- 
tion (10 mg/500cc of distilled water). The cell thus cultured showed not merely its 
growth but morphogenesis. 

2. The morphogenetic polarity concerning the formations of both shoot and 
rhizoid was ascertained. This morphogenetic polarity was reversed by changing the 
light condition. 

3. The cell fragment, which was artificially formed from the internodial cell by 
the operation of strangulation, was also cultured in a similar manner. Even such a 
tied off fragment of the internodial cell showed a clear morphogenetic polarity. 

4. In the culture solutions so far used, IAA-K solution was the most favorable 
for the growth and morphogenesis of the cell cultured in vitro. Knop’s solution was 
next to IAA-K solution and tap water was the least favorable for the culture 


medium. 
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5. The rate of protoplasmic rotation in the cell cultured in vitro was nearly 
constant in general but it was clearly promoted during a. definite period before 


shooting. 
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Explanation of Figures 


Fig. 1. An isolated internodial cell cultured for 40 days in the vertical, normal position. A; agar 
(0.8%) region, B; tap water region, s; shoot, r; rhizoids (stained with chlorzinc iodine). 

Fig. 2.. The cell cultured for 15 days in the vertical, inverted position with agar and tap water. 
A shoot was formed at the apical end set downward. Rhizoids were formed at the basal 
end but they are not obvious in this fig. 

Fig. 3. The cell cultured for 30 days in the vertical, inverted position with agar and IAA-K 
solution (10 mg/500 cc of d.w.). The lower half of the cell was kept dark. A shoot was 
formed at the basal end set upward. Rhizoids were formed at the apical end but they 
are not obvious in this fig, 

Fig, 4,- The cell-cultured for 60 days in the vertical, normal position with agar and IAA-K 

: solution. ; ; ; 

Fig. 5. The cell cultured for 90 days in the vertical, normal position with agar and Knop’s 
solution (1/20 conc. of original solution). 

Fig. 6. The cell cultured for 90 days in the vertical, inverted position with agar and IAA-K 
solution. The lower half of the cell was kept dark. 

Fig. 7-9. Process of shooting in the isolated internodial cell. From left to right, after 15 days, 
30 days, 45 days and 60 days. Fig. 7; The cell cultured in the vertical, normal position 
with agar and tap water. Fig. 8; The cell cultured in the vertical, normal position with 
agar and IAA-K solution, Fig. 9; The cell cultured in vertical, inverted position with 
agar and IA A-K solution. The lower half’ of the cell was kept dark. 

Fig. 10. Schematic representation of the internodial cell cultured for 30 days in the horizontal 
position. A; tap water region, B; agar region, s; shoot, ra; rhizoids formed at the apical 
end, rb; rhizoids formed at the basal end. 

Fig. 11. Schematic representation of the strangulated internodial cell cultured for 30 days in the 

horizontal position. 1; ligature. 

Fig. 12, Relation between the rate of protoplasmic flow in the. internodial cell and time. The 

cell was cultured in the vertical, normal position with agar and tap water. 
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Plate VII 


T. SANDAN: Growth and Morphogenesis of the Internodial Cell of Characeae 
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Michiharu SEGAWA: Strukturelle-Geschlechtschromosomen bei einigen 


Arten von Madotheca. 
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Folc RE RUE HE (1955) (RHBO—-B, yr 
FayFtya7 (Mnium Maximowiczii) CHS 
AMEE ¢R CStrukturelle-Geschlechtschromoso- 
men) #38 LR THITHERED X RU Y ai 
FACIL, BENOEDRBDSHEWVIC4LDDHS 
FJ, COMMMIEMORRBBIC KC, ZO 
RBRROS CDA ACCS ORAO RAS 
FS40CHS, COL FICAMBEKBWTO 
BAMA ARL, FCI A FY FY FTO 
(ED ICIIRKRA SHCA, HLPw Spt 

DO CHEE AD AH Siritp OME RRKOR 
SRK 45054090 CltEMmMEBrS6NSA, x 
DLjARPHOL LK, B4tBRor7e+77 
= K+/B (Madotheca B) OMMICOVCHE 
RfiTok. CHLABROBE CHEK, RH 


(1938a, g, /41, /47) DAL CU SaAn<, FHEHE 
Ht RAO READ RALEKCH SA, th 
DSR C(LIPREN DEAD Te <¢ TED CT PEER L 
LCMM*bNEAOKRLOCHS, SHlk6 OF 
ge a ie he ge 

DiC He MEE Re LM TRASH SRK OS, 
see: 


BHR HK 
PRCA SHRIFT ATT eA 6 MOB 
AION OF_HIL Tabelle 1 D4n< CHS_ 
Ee tF HBC LC, A MRKOEB AE 
0.002 mol./1 © 8-oxyquinoline 7kiAw FITIBE 
18-20°C G 2BFHIIRD, COB KHA GC 5 SHE 
IKUEL, CW Carnoy HCV 2—n 3: Zk 


Tabelle 1. Zoex~a2TtKAE 6 BOR, BK 


(Artenname, Fundort und Karyotype von 6 Madotheca-Arten) 


(mM. densifolia Stephani) 


bes wate Pp 

(M. tosana Stephani) 
DFGCATEK 

(M. perrottetiana Montagne) 
ie 3 Awe ; 

(M. ulophylla Stephani) 
EADPCAT EF 

(M. setigera Stephani) 

Ve bDFTIT EEX 

(M. japonica Sande Lacoste) 


O40 O40 O40 O40 O40 O40 


(Artenname) (Karyotype) (Fundort) 
DFA EX K=V(X)+4V+3J yest + = By 


K=V(Y)+4V+3J 
K=V(X)+4V43J 
K=V(Y)+4V+4+3] 
K=V(X)+4V4+3J 
K=V(Y)+4V+3] 
K=V(X)+4V43] 
K=V(Y)+4V+3J 
K=V(X)+4V+3] 
K=V(Y)+4V+3] 
K=V(X)+4V43] 
K=V(Y)+4V+3J 


fit > TW, (Ae: KY 


SBUwk, TRE 
NAS 

= Bw, AU 

= Bae 


* 1K ERS SA eS (Botanical Insti- 


tute, Faculty of Science, Hiroshima Uniyersity, 
Hiroshima, Japan) 
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UL, (EIS ARB ICA ENS Ze = RM DiS 
(Fig. 1c), Hi Fig. 1 d) WH AL, Mors 
READREICTRALTC HEM KOCH, & 
DX ORB (LR GHA BL CHR FET So Hl 
6, CORR BoB LH 7c ARE LOMO 
Beat ¢. EWI ARE 4 COMO SB Cho. 
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CORFMICH AL, PETER —BH b wIC 
DOMABICHA, OVCRER (Fig. 1 2) ic 
BWoClt, CHOORBRMMILLO RMAC BS 
LOWS, fib, X (24 CNukleolen- 
Chromosomen) ~Gi4_ Fiki (Fig. 16) zed 
L, PECTML Cook PE AMT ARTE RIC 
HHT (32, © OBIE RBA Cre 
BALA CRBS E DO bX BESO 
—F7, MERRO Y (x-PRABAK (Fig. 1 g) Cit 
X EDHCKWS ROOMS DI7E\ 0 
Hl, FPRIC—- RR D 0, —WOR AE < I 
HO DRO ARE, HMOPRBCBEVWIRE 
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Fig. 1. 277777 EF OMAR, AUK 
(Chromosomen und Heteropyknose von Madotheca densifolia, Gametophyten) 
a-d 2: a fKik#% CRuhekern), b #ij#} (Prophasekern), c¢ rhii (Metaphase), d #8] ~ 
(Anaphase), e-f 3: ¢ (KIL (Ruhekern), f (ij#i (Prophasekern), g rHi§ (Metaphase), 


h 3 (Anaphase). 
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Fig. 2 (ERIC X RU Y OIE, WRU 
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VF yY 77 OREVELAACRE, 

MUI 1955) Ek <WCwd. fa, 
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» BED ESRI APRA, WHIT PS EN Yoh 
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RAVFTIPTEKHXO X,Y LAUMOUSBRY 
BEM AL, TEOC, Y ORMBMORIRHIC K 
DEMILOG<, HEMT EAS 6S. fH, 
CHHOMO KRU Y (dN CMR CHS, 
ARI. veh Foe are Pe -CltHB | YB 
BIFAATVEFFOY CASHES, Hee 
FEDECACHOC J MERTS EB RA, 
{HOR CIELO OL 4 ALM HYM Erica 
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av ay (Fig. 4 e-h) -C(t34H AEROS 
Dio 4 BW BRS BD bh, LAP&tO 
i WE AEBS RIL suc, AIC A OME 
(Nuklolinus) #/#4. PRICE OL 45 try MARES 
V4 fa CNukleolen-Chromosom) (i(40O=, 
=ORSECH bNTC, 7¢=27 (Dumortiera 


\ Toe Ne XV = 
{ ugh! 5 i 
4 iy () so 
mitch Sai 
DIT ete 


52 2t7eK ¥ (M. japonica) (Fig. 
Am-p)i4 bis 77 PTE Se 
& RET MROOTE ER X, Y. oid 
bnA. Thitnist Ak RKO 
‘V WEBER CHS, Hild, Pics 
IS SXBMO Y (RHR* HIS — PORK 


Fig. 3. KYIITTTE FA OWL Bw, ACK 


Chromosomen und Heteropyknose von ™. tosana, 


Gametophyten) 


ac 9: a fkikh% CRuhekern), b jij} RUSE GAY, 


c rit] (Metaphase). 


d-f 3: d fKikf% (Ruhekern), e pif] pias ape 


( Ff As] (Metaphase). 


284 fi Mm "2 HE 


68 4 F 808 & 


~% WON 
) bi 
= ‘= ~ 
rots 
a Tovar 


~ 


2 re) 
y oF 
® «© 
o 
ons o bf \wew 
Lee a 
i a) aoe 
aes ne © Owe 
ee ee 33 Y = : 
ae, 5 


Fig. 4. 7AVUPTEK 4 BOWER E Meh, BCR 


(Chromosomen und Heteropyknose der vier Madotheca-Arten, Gametophyten) 
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a,b 9: a rit} (Metaphase), b X MAjHIOA(L (Prophasische Veradnderung der X) 


Gy Gs Be 
e-h, FFs AV I?Z (CM. ulophylla) 


c rit] (Metaphase), d Y Djiji#}{O2{b (Proyhasische Veranderund der Y) 


e, f 9: e HA} (Metaphase), f (kik CRuhekern) 
2,h 8: g FARA (Metaphase), h (Ki K6{% (Ruhekern) 


iH-l eRPFrITeE*X (CM. setigera) 


i,j 9: 7@ FHA (Metaphase). 7 (K1Kf% CRuhekern) 
k, 1 6: k ett} CMetaphase), / (tik h% CRueekern) 


m-p, ¥2bhFF2XTEKX (M. japonica) 


m,n 9: m Fai (Metaphase), » Fi} CProphasekern) 
0, p &: o rH} (Metaphase), p Aik} (Prophasekern) 


hirsuta, fe®¥ 1954 a, b), Yr FavFy a7 
(Mnium Maximowiczii, fe¥¥, pe)l| 1955) -c (xt 
EM BERATED m Wath, s FVsxeasr 
(Riccardia pinguis, B28}, }R)I| 1955) -CiR SHR 
EIR DSUs BEMLED BEB IR CHR, BHO 
WBLRI IT TT eK XB BIC [Em Wha 
DiEWDb, ONAE2Z BO/ MAIO Wefa ic 
BAT ODSRD PIC EOCHOS DI LEV, 


DEON, CHES BiLzarer~are 
Fle, A ApH BR 4 OFDM B 
hh, TOWBAR 9 74+X, 6 74+-YC 
Do 
LE OPERREBAR © PLANT I3\> CLEA DO Y 
WMAAYFY ATION CRA SHEL OGHD, 
GRIC b\ CliL ONS 6 BSR MOMEES, A 
SIC, CASOR MEIER SO PREF 


H2#1 30 42 10 A 


October 1955 Bot. Mag. Tokyo, Vol. 68, No. 808 285 


PE DHAGEED: bc, REHOME 2 Eee, LiCHbNELOCHY, MAOHME, MEIC 
HRA TMETS SHEA E LC OBRR 4OLO CE IED T(LAIRAK ROR 5, WROBSA 
i22rD 3 Do IC HROC(L PARKA BSD FARR FDO 
Sr & bad LC ah CEIo HS URBIO ER RDT 4 O 
WM OICRER, © OPEL BARK OFF O Ck Do 
Résumé 


Um die Geschlechtschromosomen genau zu erkennen, habe ich in dieser Abhand- 
lung 6 diézische Madotheca-Arten, namlich M. densifolia, M. tosana, M. Perrottetiana, 
M. ulophylla, M. setigera und M. japonica, untersucht. 

Bei dieser 6 Arten konnte ich zum ersten Male die Strukturelle-Geschlechts- 


chromosomen entdecken. Die Chromosomenformeln dieser Pflanzen sind die 
folgenden ; 


@) 
M. densifolia 7+X ae 
M. tosana Tot T+Y 
M. Perrottetiana 7+X Gao 
M. ulophylla (ek TeX 
M. seligera 7+X THY 
M. Japonica 7+X 7+Y 
5| 3 B&R 


Tatuno, S. Bot. Mag. Tokyo 52: 93-99 (1938 a) 
___,. Bot. Mag. Tokyo 52: 650-654 (1938 g) 
. Journ. Sci. Hiroshima Univ. ser. B, div. 2, 4: 78-187 (1941) 
—. Jap. Journ, Genet. Supp. 1: 119-121 (1947) 
___, Bot. Mag. Tokyo 67: 36-37 (1954 a) 
—. ‘Journ. Sci. Hiroshima Univ. ser. B, div. 2, 6: 251-259 (1954 b) 
& Segawa, M. Journ. Sci. Hiroshima Univ. ser. B, div. 2, 7: 1-9 (1955) 
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1. Meyerhof, O., Biochem. Ztschr. 12: 157 (1925). 2. Euler, H. von und Schenk, F., Z. 
physiol. Chem. 256: 64 (1937) 3. Euler, H. von, Schenk, Heiwinkel, H. und Hogberg, B. Z. 
physiol. Chem. 256: 208 (1938) 


Résumé 


1. The effects of DPN-addition on the oxidation and anaerobic fermentation of 
glucose were compared between bakers’ yeast and brewery yeast. 

2. Bakers’ yeast respires and ferments glucose more intensively than brewery 
yeast. Stronger accelaration of both respiration and fermentation by DPN addition 
was observed in the case of bakers’ yeast compared with brewery yeast. 

3. Smaller respiratory and fermentative activity of brewery yeast seem to be 
ascribed to low contents of enzyme proteins in the yeast cells. 

4. The intensity of alcoholic dehydrogenase is greater in brewery yeast cells 
than in bakers’ yeast cells. DPN-deficiency is also greater in brewery yeast. 


Cytological and Morphological Studies on the 
Gametophytes of Ferns IX 


The Polar Plasmolysis on Fern-prothallium (4) 


by Isami IGuURA* 


FERS: SRROMAICHT SMS ICES IX 
RRA SERRA ORE (4) 


February 2, 1955 


VY. Behaviour of the plastid 


The behaviour of the plastids was observed with interest in plasmolysis or de- 
plasmolysis in many cases. When the prothallial cells of Asplenium incisum were 
plasmolysed in KNO;- (e.g. 0.3 mol.), KCl- (e.g. 0.9 mol.), NaCl-, AICl-, MgCl.-, 
and glycerin-solutions, the special behaviour of the plastids was recognized. The 


Polar plasmolysis of the prothallial cell in Asplenium incisum Thunberg. 

Photos. 12, 13. Plasmolysis in 0.52 mol. NaCl-solution (“Systrophe”). 12. Region IV; 
after sixty minutes. Plastids are moving along the membrane towards the basal pole. 13. 
Region III; after about twenty-four hours. Cytoplasm shows the perfect round A-type and 
the plastids adhere closely together in a round lump surrounding the nucleus. 

Photo. 14. peplasmolysis in 1.0 mol. urea-solution after seventy minutes. Region III. 
Plastids are moving along the membrane from the region of the apical pole towards that of 


the basal one as in Photo. 12. 


* Biological Institute, Faculty of Education, Yamagata University. WBKAAS BE DFA 
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plastids diffused in the cell began to move along the cell wall from the apical pole 
towards the basal pole, when the form of, plasmolysis gained A-type after about 
forty minutes to one hour. And after about two hours or more, the plastids clustered 
at the basal pole and then they adhered closely together in a round lump, perhaps 
surrounding the nucleus inside the plasmolysed cytoplasm of the cell after about 
twenty four hours (Photos. 12, 13). In the deplasmolysis caused by urea-solution 
(e.g. 0.4, 0.6, 0.7, 0.8 and 1.0mol.) the same behaviour of plastids was observed 
(Photo. 14). This phenomenon is said to be the “Systrophe” which was reported 
by Germ®®”) in other plant cell and the present writer was able to find this fact 
in the cell of the fern-prothallium as reported already in the previous paper™. 
Sometimes the clustered plastids diffuse again inside the cytoplasm (0.8 mol. urea- 


solution, deplasmolysis). 


Discusssion and Conclusion 


The present experiments were carried on mainly concerning the adult prothallia, 
grown up in the thermostat or the laboratory room for about one year and a half, 
receiving no special influences of the external conditions as stated above, so no 
external factors will be noticed here. In the whole prothallium, some gradients, 
that is, the cyto-physiological gradients are found in the form and duration of 
plasmolysis, in osmotic value, in deplasmolysis, and so on. ‘These gradients, the 
author assumes, are due to the orientation of the growth and development in the 
whole prothallium and so are the polarity of the prothallium, and it is suitable to 
classify the field of the prothallium into the following three polarities: that is, the 
longitudinal (“ medial” of Reuter), the tangential, and the radial. Reuter! reported 
also the polarities like these. Esterak®) reported the “Grundgradienten” which are 
caused by the physical and chemical conditions in the leaf-cells of Elodea. In 1938, 
Drawert) proved the gradients of stainability in the Helodea-leaves (H. canadensis, 
H. densa) fixed with 70% alcohol, and explained that the isoelectric points of the 
different parts of cells are related to the degrees of differentiation of the cells. 
Moreover, he made clear the following facts. The smaller the IEP, the younger the 
cell membrane was, and this phenomenon might be due to the abundant contents of 
protein substance in the young cell membrane. The other cellular elements seem 
to show generally the greater IEP in the young cells than in the adult ones. 

The plasmolyses of the prothallial cells revealed the gradients in the longitudinal 
polarity distinctly, and in other polarities also the gradient seemed to be observed. 
Therefore, the writer terms tentatively the apical portion of the fern-prothallium 
as apical pole (meristem-pole), whose cells are young and capable of dividing, while 
the basal portion as basal pole (protonema-pole), whose cells are older than those 
of the meristem and form the filamentous protonema and its neighbourhood. In a 
single prothallial cell the polarity is also considered to be recognized. The cyto- 
physiological polarity of the single cell may naturally be controlled by the polarity 
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of the whole prothallium, and considered to arise by reason of the inner differentia- 
tion of cytoplasm in the cell, or the physico-chemical or the chemical nonhomogeneous: 
structure. That is to say, the viscosity of cytoplasm, the contacting tower of 
cytoplasm to tke cell wall, and the permeability for water or reagents are in the 
state of inequality. 

The forms of plasmolyses are different at the basal pole and the apical one in 
the same concentration of the same reagent during the same time, and while the 
grade of the plasmolysis reaches the maximum at Region I or II, it decreases. more 
and more according as the region approaches Region VI. Consequently, the duration 
of the plasmolysis is minimum at the basal pole and maximum at the apical one. 

The osmotic value is smallest at the basal pole and increases gradually towards 
the apical pole, so it is largest at Region VI, and the increasing ratio grows large 
as the region draws near the Region VI. It is said that the results of Gratzy- 
Wardengs® gave a foundation to the correct experiments of the author. As to the 
tangential polarity or the radial also, we may be able to affirm the same relation- 
ship between the basal and the apical pole. From these points of view, the following 
conclusion can be drawn out. Namely, the permeability of the cytoplasm to various 
reagents is lower at the basal pole than at the apical one, and the viscosity, too, is 
smaller at the former than at the latter, so the permeability or the viscosity increases 
by degrees as the region comes near the apex. In many cases, really it is observed 
that the incipient plasmolysis occurs first at the apical pole of the prothallial cell. 

Comparison of the osmotic values of urea and glycerin is made in the present 

experiment and tke characterized difference between the basal and the apical pole 
was obtained. Urea is well known reagent which possesses high permeability, and 
in its solution the deplasmolysis of the prothallial cell occurred clearly and the 
duration of deplasmolysis is short. Both in urea- and glycerin-solutions the plasmo- 
lysis begins at the basal pole and extends towards the apical: on the contrary, the 
deplasmolysis begins at the latter and extends towards the former in the whole 
field of the prothallium. Therefore, we know that urea or glycerin is more perme- 
able to the apical cell than to the basal one. Presuming from the results shown in 
Fig. 16, glycerin is more permeable than urea to the cell of apical region whose 
permeability is to be called the glycerin-type, while less permeable than urea to the 
cell of basal region whose permeability the urea-type. 
_ The isotonic coefficient (2) is greatest at the basal pole and tends to decrease 
gradually as the region comes near the apical pole. Comparing the isotonic coeffi- 
cients of the electrolytes with the coeffocients of van’t Hoff physico-chemically 
known or with Fitting’s results’, we find the approximate agreement in the basal 
region especially in CaCl,-, KNO;-, and KCl-solutions, though the considerable dif- 
ference is recognized in Na,SQ,-solution. 

The permeability coefficient (“) is smallest at the basal pole and is apt to 
increase more and more as the region draws near the apical one. This fact confirms 
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the cells at the protonema portion possess the lowest permeability and the meristem 
portion the highest. 

The apparent osmotic values of fern-prothallium which were determined with 
electrolytic reagents are smaller than those determined with the nonelectrolytic ones. 
The ion series of the former is shown as follows: Mg>Al>NH,>Na>Ca, K, and 
the series of the latter is as follows: urea>glycerin>glucose>saccharose. The 
permeability coefficient of some reagent, i.e. CaCh, KCl, KNO3, and NaCl, is negative. 
In the present experiment, this fact may be considered that these reagents are less 
permeable to the cytoplasm as ion or molecule than saccharose. The behaviour of 
the plastid in plasmolysis or deplasmolysis is considered to be the phenomenon 
known as “Systrophe” of Germ5§67, and the plastids diffused in the cytoplasm 
gathered finally in a round lump at the basal pole of the cell. This phenomenon is 
presumed to be caused by the decrease of the viscosity in the cytoplasm. The 
existence of the polarity in the whole field of the fern-prothallium may be related 
to the polarity in the spore germination or the plasm differentiation in a single pro- 
thallial cell, and then as to the problem what factors determine finally the polarity 
of the whole prothallium, further consideration may be needed for us. 


Summary 


Carrying out the osmotic experiments for the adult prothallia of Asplenium 
incisum Thunberg and other three species by the use of the reagents of urea and 
other fourteen kinds as the plasmolytica, the writer obtained the following results. 

1. The cyto-physiological gradients are demonstrated in the form and duration 
of plasmolysis, the permeability, the osmotic value, the isotonic and the permeability 
coefficient, or the deplasmolysis in the cells of fern-prothallium. 

2. The existence of polarities is found in the whole field of the prothallium and 
also in a single prothallial cell. Concerning the polarity, the writer termed the 
basal region of the protonema as a basal pole (protonema-pole) and the apical 
region of the meristem as an apical pole (meristem-pole). 

3. Although the form and duration of plasmolysis are changeable in the same 
plasmolyticum and mol.-solution according to the length of the treatment, the plas- 
molysis occurs earlier at the basal pole than at the apical one and it extends gradually 
from the former towards the latter. 

4. The permeabilities of urea and glycerin are considerably high to the pro- 
thallial cell, whereas the former is more permeable than the latter at the basal 
region (urea-type) and less than the latter at the apical one (glycerin-type). 

5. The osmotic value and permeability coefficient are lowest at the basal pole 
and are apt to increase approaching the meristem where the highest value is found. 
The isotonic coefficient appears to show the reverse result against the permeability 
coefficient. 


6. The plastids in the prothallial cell behave themselves as if they indicated 
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the polarity of the cell and reveal the phenomenon of “Systrophe”, clustering in a 
round lump at the basal pole. 


The present author expresses his hearty gratitudes to Prof. Dr. A. Yuasa and 
Prof. Dr. H. Ito for their valuable instructions and influential criticisms in this 


study, and also to Prof. Dr. T. Miwa for his valuable guidances and very helpful 
suggestions. 
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A Study of Tropism of Pollen Tubes to Pistils II 
Tropism in Camellia sinensis 


by Hisako MIkI* 
=RAF: (ER BOY AAC AMM II. Camellia sinensis D AME 
Received July 12, 1955 


When pollen grains are spread around pistil slices put on an agar culture medium, 
the pollen tubes are attracted to the sliced pieces. This phenomenon was observed 
by Molish (1894), Miyoshi (1894), Lidforss (1909), Brink (1924), Tsao (1949) and 
Iwanami (1953) in some higher plants. Among these investigators, while Miyoshi 
found sucrose caused positive tropism of pollen tubes, Tsao was not able to find 
any special substance to which pollen tubes showed positive tropism. The present 
author has reported that an active substance, which is responsible for the positive 
tropism of pollen tubes to pistils, is present in some tissues ot the pistils of Lilium 
longiflorum and L. japonicum (Miki, 1954). 

In the above and the following investigations, the author intends to see whether 
this special substance is found in pistils of other higher plants or not, and to study 
the role of this substance in the course ot fertilization. In the present investigation 


it is intended to study the special substance in Camellia sinensis. 


* Cytological Laboratory, Botanical Institute, Faculty of Science, Kyoto University. 
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Material and Method 


Pollen grains and pistils of Camellia sinensis known for its long flowering season, 
were used as material. 

For culture media of pollen grains, 1.5% agar soln. containing 10% sucrose was 
employed. The hydrogen ion concentration of these media was between pH 6.2 and 
6.4. 

The sugar-agar solution was put on a slide glass to form a layer about 2mm 
in thickness, and when it had solidified, slices of pistils were put on the agar plate. 
Around these slices pollen grains were spread with a slender brush. Then the slide 
glass was placed in a Petri dish and was kept in an incubator at 30°C. After 2-3 
hours, pollen grains which were put within 1mm from the slices were examined. 
The number of total pollen grains on each slide was about 200-500. 

In control slides, in place of a pistil slice, a stripe was marked or a quartz-sand 
was put on the agar film. 

Grades of germination and tropism are presented in this paper by “ percentage 
of germination’* and “ percentage of tropism ”** respectively. 


Experiments 
1. Tvropism of pollen tubes to styles and ovaries 


A pistil was cut into two parts, a style and an ovary. Then each part was cut 
longitudinally, followed by a transversal cutting in 3-4mm in length. These slices 
were put on the agar film so that the longitudinal plane of the slices was in contact 
with the surface of the film. Pollen grains were spread with a brush around these 
slices. After 2 or 3 hours, behavior of pollen tubes was examined. 

In this experiment it is observed that pollen tubes elongate smoothly to the 
slices of pistils as if the tubes were attracted to the slices. Tropism of this type is 
“positive tropism” in this paper. Results obtained in this experiment 
are shown in Table 1. 


designated as 


Table 1. Percentage of positive tropism of pollen tubes to pistil slices 


Materials Stripe | ““ Quartz-sand ” 


St 1 | 4K K 
se ray _ (Control) (Control) 
tropism 96 | 24 | 


30 20 


* Percentage (%) of germination = Number of germinated pollen grains 
Number of total pollen grains 
** Percentage (%) of tropism= Number of pollen tubes that reached pistil slices x 100 
he, Number of germinated pollen grains 
It must be hoted Here that the pollen grains around the slices of style show a high per- 
centage of the germination and a good tube growth, while around the slices of Ovary, show a 


low percentage of the germination and a bad tube growth. Therefore, in the following test, the 
ovary part was excepted. 


x 100 
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From this table, it is seen that pollen tubes show positive tropism to the styles, 
but do not show to the ovaries. 

Same experiments were carried out in Camellia japonica and C. Sasanqua. In 
these plants pollen tubes showed positive tropism to the style as observed in C. 
sinensis. 


2. Tropism of pollen tubes to steamed pistils 


a. Tropism of pollen tubes to steamed slices of styles and ovaries. Test tubes 
with pistils and moist filter papers were kept in boiling water (99°C) for 10 minutes. 
Then the pistils were cut and tested as in Experiment 1. 

In this Experiment 2, it is observed that pollen tubes elongate as in Experiment 
1. The pollen tubes which are far from the slices elongate quite at random in 
respect to direction, but when these pollen tubes approach to the steamed slices of 
the styles at the distance of 0.2-1mm from the slices, most of the tubes change 
the direction and elongate in opposite from the steamed slices. Pollen tubes which 
are near the slices elongate in the reverse direction of the slices (see Fig. 1), 


‘ 


Tropism of this type is designated as “negative tropism” in this paper. Results 
obtained are given in Table 2. 

As shown in Table 2, all pollen tubes 
do not shown positive tropism but negative 
tropism (Fig. 1). From this result, it is 
assumed that some changes which cause 
negative tropism of pollen tubes have taken 
place in the styles by steaming. 

6. Effect of steaming on _ tropism. 
From the results of the Experiment a, it 
is found that pollen tubes show negative 
tropism to the steamed styles, while they 
show positive tropism to fresh styles. It 
is intended, in this Experiment 34, to see 
the effects of high temperature as well as 
time of steaming on the styles. 

(1) Time of steaming Pistils were j 


steamed in a test tube for 3, 5, 10 and 20 Fig. 1. Negative tropism of pollen 
tubes to steamed style slices in Camellia 


: sinensis (steamed for 10 minutes at 99°C) 
were cut and tested. The results obtained OR fees ae aice, 


minutes respectively, and then the styles 


in this experiment are shown in Table 3. 

In this table, it is seen that the percentage of positive tropism is remarkably 
low and most pollen tubes show negative tropism to the styles steamed for 3 minutes. 
Contrary to the above case, all pollen tubes show negative tropism when the styles 


are steamed for 5, 10 and 20 minutes. 
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Table 2. Percentage of tropism of pollen tubes to steamed pistils 


Materials | Style Ovary Control 
positive tropism 0 0 30 
negative tropism | 100 100 0 


Table 3. Percentage of tropism of pollen tubes to styles steamed in 
several periods of time 


; | 
Time of steaming in min. || 0 3 5 | 10 20 Control 
positive tropism | 70 11 0) 0 0 30 
| negative tropism | 0 80 100 100 100 0 
| germination | 100 100 100 100 100 90 
| — 


(2) Temperature of steaming. Pistils were kept in test tubes at 15°C (room 
temperature), 30°C, 40°C, 50°C, 60°C, 80°C and 99°C for 10 minutes. The steamed 
styles were cut and tested as in the case of Exp. 1. The results obtained in this 
experiment are shown in Table 4. 


Table 4. Percentage of tropism of pollen tubes to styles steamed at several temperatures 


80°C | 99°C Control 


Steamed temperature || 15°C | gocc | 40°C | 50°C | 60°C 


| 
| 
76 69 66 10 | 0 0 30 


positive tropism &3 
negative tropism 0 0 0 0) 70 100 100 0 
germination 100 100 100 100 100 100 100 90 


In this experiment it is observed that majority of pollen tubes treated at 15°C, 
30°C, 40°C and 50°C show positive tropism while all tubes steamed at 80°C and 
99°C show negative tropism. It is highly probable that an active substance respon- 
sible for positive tropism is decomposed at 60°C or thereabouts. 


3. Diffusion of active substance from styles to agar media 


Slices of fresh or steamed styles were placed on the surface of agar films on 
slide glasses, and were kept for 1/2, 1 or 2 hours in a Petri dish with a piece of moist 
filter paper. Then the slices were removed immediately after the spreading of pollen 
grains around the slices (and examined as in Experiment 1). 

In this experiment, it is found that the tubes show positive or negative tropism 
to the place on agar media where the slices had been placed. The result obtained 
in this experiment is given in Table 5. 

Results of this experiment show that the active substance, which is responsible 
for positive or negative tropism, diffuses from style slices to the agar media within 


1 hour, but the percentage of positive tropism is lower than that obtained in Be 
periment 1. 
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Table 5. Percentage of tropism of pollen tubes to place occupied by steamed styles 


Styles were placed on agar film for Ifo hr. iy ane. 2 hrs. Control 
= 7 : 

Fresh | positive tropism 15 48 56 30 

styles negative tropism | 0 0 0 | 0 

Steamed positive tropism 0 0) 0) 

styles negative tropism 100 100 100 


4. Diffusion of active substance through collodion membrane 


In this experiment, fresh or steamed style slices were wrapped in a collodion 
membrane* ard put on the agar media. Then, pollen grains were spread around 
these wrapped styles. Reaction of tubes to the wrapped styles were examined as in 
Experiment 1. Some control tests were carried out with unwrapped style slices and 
collodion membrane without the slices. The result obtained in this experiment is. 
shown in the following table. 


Table 6. Percentage of tropism of pollen tubes to style slices wrapped in 
collodion membrane 


SS Objects Wrapped in Membrane Unwrapped 
a es membrane without style style 
| = 
Fresh positive tropism 67 | 27 716 
styles negative tropism 0 | 0 0 
Steamed positive tropism 29 27 0 
styles negative tropism 0 0 100 


From this table, it is seen that the substance which is responsible for the 
positive tropism diffuses through the collodion membrane while the substance which 
causes negative tropism does not diffuse through the membrane. This fact suggests 
that the molecular weight of the former substance is lower than the latter. 

Considering from the result obtained in the preceeding experiments, it is highly 
probable that a chemical substance which is responsible for the positive or the 
negative tropism of pollen tubes is contained in pistil tissues. The separation of 


these active substances from styles is under investigation. 


Conclusion 


In Camellia sinensis, the pollen tubes show positive tropism to the fresh pistil 
slices on the agar media. From the result of the present investigation, it is con- 
cluded that positive tropism of pollen tubes is caused by an active factor contained 
in the pistil tissues. This active factor diffuses from pistil slices to agar media and 


* Congo-red did not pass the membrane within 24 hours. 
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diffuses through a collodion membrane. It is highly probable, therefore, that the 
active factor is a chemical substance with relatively low molecular weight though 
this substance has not been separated in pure state in this experiment. 

Contrary to the above case, the pollen tubes show negative tropism to steamed 
pistil slices, and it is concluded that the negative tropism of the pollen tubes is 
caused by an active substance. This substance diffuses from steamed pistil slices to 
agar media, but does not diffuse through the collodion membrane. It is extracted 
with distilled water, and seems to have a higher molecular weight than the substance 
which is responsible for the positive tropism.* 

The behavior of pollen tubes to the steamed pistils, stated above, is different 
in various plants. For example, while Tsao (1949) has reported in Hzppeastrum 
Johnsoni of positive tropism of the pollen tubes to steamed pistils taking place, the 
present author has confirmed that the pollen tubes of Camellia sinensis show nega- 
tive tropism to the steamed pistils. In Lilium longiflorum and L. japonicum, how- 
ever, it was found that the steamed pistil tissues gave no effect on the behavior of 
the pollen tubes (Miki, 1954)*. As can be seen from above, the tropism of pollen 
tubes to pistil tissues seems to be a very complex phenomenon, but it may be stated 
that some chemical substances play an important role in this phenomenon though 


the nature of these substances is not cleared in the present investigation. 


Summary 


1. In Camellia sinensis, pollen tubes show positive tropism to the fresh style 
slices while they show negative tropism to the slices of the styles which are steamed 
for 10 minutes at 60°C, 80°C or 99°C. 

2. Both substances, which are responsible for the positive and the negative 
tropism, diffuse from styles to agar media within ca. 1 hour, and the former may 
diffuse through a collodion membrane, while the latter does not diffuse through that 
membrane. 


This author takes pleasure in expressing her sincere appreciation for helpful 
suggestions throughout this work to Professor N. Sinke and Mr. K. Kat6d of the 
Kyoto University. 
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* To be published later, 


A According to a verbal information of Prof. Imamura, that the pollen tubes of Lilium 
philippinensis are observed to show negative tropism to the fresh pistil slices of Crocus sativus. 


Studien uber Anthocyane XXVIID 


Papierchromatographische Ubersicht der Anthocyane im Pflanzen- 
reich (II). Farbstoffe des roten Herbstlaubes 


von Kozo HAYASHI und Yukihide ABE* 


MK 2S + PUR: Ty bh F7 y BROOM (27H), MMOS 


Eingegangen am 9, August 1955 


Seitdem Chrysanthemin von Sh. Hattori und K. Hayashi? als einen in der roten 
Farbe von den Herbstblattern einiger Ahorn-Arten verantwortlichen Farbstoff isoliert 
wurde, sind Untersuchungen tiber das Herbstrot auch in anderen Landern unternom- 
men worden. Vorerst seien angegeben die umfangreichen Arbeiten von Robinson 
und Robinson?’ uber die Hertstréte englischer Pflanzen und von Lawrence u. A2’, 
ferner jene von Price und Sturgess), welch Ietztere ausschliesslich auf der von 
Robinson und Robinson ausgearbeiteten qualitativen Untersuchungsmethode basierte. 
Neuerdings hat auch H. Reznik®’ einen vorlaufigen kurzen Bericht tiber die Farb- 
stoffe von deutschen herbstlich roten Blattern ver6ffentlicht. 

In der vorliegenden Mitteilung mochten wir die Verbreitung der Anthocyane in 
den herbstlichen Blattern von japanischen Pflanzen, insbesondere der Baume disku- 
tieren. 

Es wurden herbstlich rote Blatter von 74 Pflanzenarten aus 25 Familien auf 
papierchromatographischem Wege untersucht. Die Ergebnisse haben gezeigt, dass 
hierbei das Anthocyan hauptsachlich aus einem Cyanidin-monoglykosid, vorzugsweise 
Chrysanthemin, besteht. Dieses Ergebnis stimmt mit den friheren Befunden tberein! ®’. 
Also liegt der Schluss nahe, dass in den Blattern eine metabolische Tatigkeit vorher- 
reche, die das Zusammenwirken von Brenzcatechin- und Phloroglucin-abk6mmlingen 
zur Bildung von Cyanidin-Derivaten erlaubt. 

Hinsichtlich der Lokalisation des Anthocyans im Blattgewebe ist es von Interesse, 
dass in der Blattepidermis im Gegensatz zu den Bliitenblattern eine metabolische 
Aktivitat beziiglich der Anthocyansynthese in der Regel nicht vorhanden zu sein 


scheint. 


An dieser Stelle sprechen wir Herrn Dr. K. Oguma, Direktor des Nationalen Instituts fur 
Genetik, und Herrn Dr. Y. Asahina, Direktor der Forschungsanstalt fur Naturerzeugnisse, ferner 
auch Dr. Sh. Hattori, Professor der Tokyo Universitat, unseren tiefgefuhlten Dank fiir ihr reges 
Interesse und vielseitige Belehrung bei der Durchfiihrung dieser Untersuchung. 


* Mitteilung aus dem Nationalen Institute fur Genetik, Nr. 121 (Misima, Shizuoka-ken, Japan). 


1) XXVI. Mitteil.; Bot. Mag. (Tokyo), 68: 129 (1955). 
2) Ubersicht (1): vgl. Misc. Rep. Res. Inst. Nat. Resour. (Tokyo), 29: 1 (1953). 
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BESCHREIBUNG DER VERSUCHE 


Material und Methcde 


Das Pflanzenmaterial wurde in meisten Fallen in der Umgebung von Nikko 
gesammelt, einer der berihmtesten Stellen zur Besichtigung von herbstlich roten 
Blattern. Beim Einsammeln des Materials wurden wir von Herrn S. Nakamura vom 
dortigen Botanischen Garten vielseitig unterstutzt. 

Die Untersuchung der Anthocyane verlief nach dem friiher beschriebenen papier- 
chromatographischen Verfahren. Zur Extraktion des Anthocyanins benutzten wir 
frisch gesammelte Blatter, die ohne weiteres mit 1-2-proz. methanolischer Salzsaure 
ausgelaugt und innerhalb 1-2 Tage zur darauffolgenden Aufarbeitung benutzt wurden. 
In der Regel wurde der Farbstoff in einem 5cm von einem Rand entfernten Linie 
auf einem grossen Papierstiick von ungefahr 40cm~x40cm gestrichen und mit geeig- 
neten Losungsmittelgemischen entwickelt, bis eine genugende Abtrennung von Farb- 
stoffzonen erzielt wurde. Darauf wurden die Zonen auseinandergeschnitten, und 
jeder der gefarbten Papierstreifen wurde, einer absteigenden Methode zufolge, vor- 
zugsweise mit 5-proz. methanolischer Essigsaure eluiert, und das Eluat wurde dann 
durch Zusatz von etwas Salzsaure bis zu 1-2 Proz. angesauert. Die erhaltene Farb- 
stofflosung erwies sich als gentiigend rein. Manchmal wurde sie durch Vakuumde- 
stillation konzentriert, und zum zweiten Chromatographieren verwendet. Ahnlich 
wie in voriger Mitteilung, ging die chromatographische Trennung nach der eindimen- 
sionalen, aufsteigenden Methode vor sich, wobei das T6y6Fi lItrierpapier Nr. 50 oder 
Nr. 2 angewandt wurde. Als Losungsmittel wurden benutzt: 


DESiesenaey Mons, Sallassininey\Wewsele (Ss 1S By sy/GO) casas ghacons sscocn sess Sadss idea: fur Aglykon, 

" GS SAUES NE See ee I ereneas fiir Glykosid, 
iso Amylalkohol/konz. Salzsdure/Wasser (5: 1:1, v/v)......... fur Aglykon und Glykosid, 
Hi BlbanOl/Mssios alii eyAVic Sse cm yilet9N6V7//) See ee fur Glykosid, 
*Batanol/ kong. Salzsaure/ Wasser (7 72°5, V/V) .socc-c-cecsceacesec-cacoacteceesen: fiir ere 
Bhenol)/Weasserl(@r lei (Gew. yet se eee eee ee ee. fiir methoxyl-haltiges Glykosid. 


Selbstverstandlich wurden die einzelnen Anthocyane ohne besondere Schwierig- 
keit identifiziert, indem wir authentische Praparate von Glykosiden bzw. deren Agly- 
konen auf demselben Papier chromatographierten. 

Bei der Auswertung von Glykosidtypen hat sich das folgende Verfahren als gut 
bewahrt. Zum Beispiel wurde das Farbstoffeluat mit Salzsiure bis zu ca. 20 Proz. 
angesauert und einige Zeit auf dem Wasserbad bei 70° gehalten. Hierbei wurde das 
vorliegende Glykosid stufenweise abgebaut. Falls ein Diglykosid vorlag, verwandelte 
es sich nach einiger Zeit in ein Monoglykosid, das nach etwa 2 Stunden vollstandig 
hydrolysiert wurde, was sich mittels Chromatographierens der von Zeit zu Zeit heraus- 
pipettierten Proben gut nachweisen liess, An den Monoglykosiden beobachteten wir 
naturgemass kein Zwischenprodukt; sie gaben sogleich entsprechende Aglykone. 
Unter Benutzung dieses Verhaltens wurde es gezeigt, dass in den Herbstblattern 
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diglykosidische Anthocyane in meisten Fallen nicht vorliegen. 

Die Hydrolysierung eines Anthocyanins erfolgte, wie friiher mitgeteilt, in 20- 
proz. Salzsaure durch halbstiindiges Erhitzen auf 90°. Nach dem Erkalten wurde das 
Aglykon mit etwas zsoAmylalkohol entzogen und auf chromatographischem Papier 
beschickt. 

Der Nachweis der Zuckerkomponenten auf dem Chromatogramm, das aus dem 
Anthocyanhydrolysat nach der friiher angegebenen Arbeitstechnik” dargestellt war, 
erfolgte am besten durch Bespiilen mit 1-proz. athanolischem Anilinhydrochlorid®. 


Versuchsergebnisse 


Trotz der auffallenden Buntheit der herbstlichen Laubfarbungen ist das Antho- 
cyanmuster von Blattern in der Regel nicht so verwickelt, sondern es besteht der 
Hauptsache nach aus einem Cyanidinmonoglykosid und zwar Chrysanthemin. Freilich 
gibt es aber einige Ausnahmefalle vor. Bei den Ericaceen wurde daneben auch ein 
Delphinidin-Derivat, und bei den Anacardiaceen und Vitaceen ein Paeonidin-Glykosid 
nachgewiesen. In diesem Zusammenhang ist es zu beachten, dass diese zwei Neben- 
farbstoffe vielleicht in Form yon Leukokorpern vorkommen, da sie gewohnlich erst 
nach der Hydrolyse des Blattextraktes mit Salzsdure nachweisbar waren. 

Schliesslich ist es auch bemerkenswert, dass in allen untersuchten Materialien 
acyliertes Anthocyanin nicht vorhanden zu sein schien. 

Die gewonnenen Versuchsergebnisse sind der Ubersichtlichkeit halber in nach- 
stehender Tabelle zusammengestellt. Hier sei angegeben, dass 3-Monoglucosid, 3- 
Monohexosid, usw. auf chromatographischem Wege unter Anwendung der folgenden 
Arbeitstechnik charakterisiert wurden. 


3-Monoglucosid (bzw. Chrysanthemin)......... durch (a) Bestimmung von R¢-Wert, (b) papierchr- 
omatographischen Nachweis des Abbauproduktes, welches im Laufe milder Hydrolyse 
ausgebildet wurde, (c) Charakterisierung des Zuckers als Glucose, und (d) Vergleich mit 
parallellaufendem authentischem Prdparat. 


3-Monohexosid......... durch (a) und (b). Hierbei lag der Rf-Wert ebenfalls innerhalb des 
Bereiches, der fiir ein Monohexosid charakteristisch ist. Die Bestimmung des Zuckers war 
aber nicht moglich. 

Monoglykosid......... Hauptsdchlich durch (a); Zuckernatur war unsicher; es handelte sich um 
Hexose oder Pentose. 

3-Hexo-pentosid......... durch (a) und (b). In der Regel lag der Rg-Wert hoher als beim Mono- 
glucosid, und bei der milder Hydrolyse liess sich das 8-Monohexosid als Zwischenprodukt 
nachweisen. 


Glykosid......... Die Art und Zahl der Zuckerkomponenten blieben unbekannt. 


Hem 30 4 11 A 
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Tabellarische Zusammenstellung der 
Nr. Familien Versuchspflanzen} Farbe d. Blatter 
1 Betulaceae Carpinus laxiflora Blume FrayYsF | braunrot~rot 
1 i ‘ sseserrata : 
2 Fagaceae eg ee lee aes Fischer var. gro es oe +5 braun~karminrot 
3 Q. serrata Thunb, aS i braunrot~rot 
4 Polygonaceae Polygonum Sieboldi Meisn. 7 7+ 7 YF YR s rot 
5 Cercidiphyllaceae) Cercidiphyllum japonicum Sieb. et Zucc. 7 Y 7 hell rot 
6 Berberidaceae Nandina domestica Thunb. LSE Se braunrot~rot 
‘Ol Saxifragaceae Hydrangea macrophylla Seringe WAT YA rotpurpur 
8 Deutzia gracilis Sieb. et Zucc. e RAY Y*X | rotbraun 
9 Ribes Maximowiczianum Komar. UF Ve SS braunrot 
10 Rosaceae Pourthiaea villosa Decne. var. laevis Stapf " | 
AryyA 
10 Prunus japonica Thunb. = 77 braunrot ~rot 
12 P. Jamasakura Sieb. VR¥IF rot~dunkelrot 
13 P. Sargentii Rehder Pia Nii ar rotbraun~rot 
14 P. yedoensis Matsum. IPAs Tot | 
15 Rubus Koehneanus Focke IV +~=74F2 | orangerot~braunrot | 
| | 
16 R. mesogaeus Focke 2u4F2 | dunkel braunrot 
| 
17 R. microphyllus Linn. fil. =o) 4-2) | braunrot 
Sorbaria sorbifolia A. Brown forma incerta 
18 Kitagawa VRE HP A~ PK | dunkelrot~orangerot | 
19 Sorbus gracilis K. Koch FeV te | roc bra 
20 Spiraea japonica Linn. fil. a= IE braunlich rot 
21 S. prunifolia Sieb. et Zucc. DS) Nee rot 
22 Geraniaceae Geranium eriostemon Fish. var. Reinii Maxim. 
PVYFAIV? ud 
23 G. yesoense Franch, et Savat. var. nipponicum 
Nakai Fence oye " 
24 Euphorbiaceae Euphorbia pekinensis Rupr. var. Onoei Makino 
RDRW HA braunrot 
25 Anacardiaceae Rhus ambigua Lavallée, ex Dippel y XY 71 y rot 
26 Rh. chinensis Miller LF " 
PAT Rh. succedanea Linn. Pr+42 7 3e ” 
28 Rh. trichocarpa Miq. VINNY " 
2) Rh, verniciflua Stokes Yruy " 


+ Lateinische Pflanzennamen wurden alle von Herrn Kollegen T. Momiyama durchgesehen. 
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Lokalisation des 
Farbstoffs* 


haupts. Palis. u. 
seltener ob. Epid. 


Palis. >Schw. 


" 
ob. Epid. 


haupts. Palis. u. 
seltener Schw, 


ob. Epid. u. seltener 
unt. Epid. 


Palis. 


Palis., bisweilen 
Schw. 


Palis. >Schw., 
bisweilen Epid. 


Palis., seltener 
Schw. 


Palis., seltener ob. 
Epid. 


Palis., seltener 
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ob. Epid. 


Palis., seltener auch 
ob. Epid. u. Schw. 
Palis. 
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| Palis. >Schw. 


Palis. 


” 
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Anthocyane im japanischen Herbstlaub. 
| Anmerkungen. 
Anthocyane** | Bereits angegeben in | Nr. 
der Literatur als: | 
| Cyanidin-3-monohexosid (70)** | 1 
” ( iD 0) 2 
” (¢ wi 0) 3 
" (10) has 
| 
| Cyanidin-diglucosid (8) +Cyanidin- gents : | 
sid (8) ee one (2) | Cyanidin-diglucosid(3), 5 
Cyanidin-3-monohexosid (70) 6 
" (10) paket? 
Cyanidin-hexopentosid(7)+Chrysanthemin (3) | Cyanidin-pentosid(3) | 8 
| Chrysanthemin GLO) | 9 
| Cyanidin-3-monohexosid (10) 10 
| Chrysanthemin(20)+Cyanidinglykosid (Spur) 11 
Chrysanthemin(9)+Cyanidin-hexopentosid (1) 12 
" (7)+ '" (3) | Cyanidin-3-monosid(3), 13 
Cyanidin-3-monohexosid (10) Cyanidin-pentosid (3) | 14 
" (10) 15 
Chrysanthemin (70) 16 
| Cyanidin-3-monohexosid (70) 17 
"” (10) 18 
Chrysanthemin (10) 19 
Chrysanthemin (70)+Cyanidin-monoglykosid cae ‘ 
(Spur) Cyanidin-3-monosid(3)| 20 
” (10)+ " (Spur) 21 
Cyanidin-3-monohexosid (10) 22 
" (10) 23 
Cyanidin-3-monohexosid (10) 
ate n-monoglykosid (Spur) 24 
+ " ~~ -glykosid (Spur) 
Cyanidin-3-monohexosid (10) + Paeonidin- 95 
monoglykosid (Spur) 
| Chrysanthemin (10) 26 
Cyanidin-3-monohexosid (10) + Paeonidin-3- o7 
monohexosid (Spur) 
" (10) + Paeonidin-glykosid (Spur) Cyanidin-pentosid (3) | 28 
Chrysanthemin (10)+ Paeonidin-glykosid (Spur) | Cyanidin-3-monosid (3), 29 


* Abkiirzungen: Palis.=Palisadengewebe, ob. Epid, = Oberepidermis, Schw. =Schwammgewebe. 
** Ziffern in Klammern zeigen die scheinbaren Mengenverhaltnisse der Anthocyane. 


Nr. Familien Versuchspflanzen Farbe d. Blatter 
30 Celastraceae Euonymus alatus Sieb. AU eee rosa-rot 
31 E. Sieboldianus Blume feel ae O te 
82 E. oxyphyllus Maiq. YW ESSE " 
33 Aceraceae Acer japonicum Thunb. 2S Fa B= ae ” 
34 A. nikoense Maxim. RDTAVI* " 
35 A. palmatum Thunb. ; 
var. amoenum Ohwi Zi gh 2a 2 Se " 
36 var. Matsumurae Makino V¥reteSY ” 
37 A. rufinerve Sieb. et Zucc. wD) AEs Sse " 
38 A. Shivasawanum Koidz. eho 7 IV Fia=oe '" 
39 A. Sieboldianum Maiq. AANVUFVU ARS " 
40 A. Tschonoskii Maxim. sRPTS i 
41 Rhamnaceae Rhamnus costata Maxim. PuAY-* | braunrot 
42 Vitaceae Ampelopsis brevipedunculata Trautv. 77FY ” 
43 Parthenocissus tricuspidata Planch, YR | rot 
44 Vitis Coignetiae Pulliat VI TEV " 
45 Lythraceae Lythrum anceps Makino S225 1. ay 
46 Oenotheraceae Epilobium pyrricholophum Franch. et Savat. |) Sp 
DE APS om 
47 Araliaceae Aralia elata Seeman RII | dunkel violettrot 
48 Cornaceae Cornus Kousa Birger VRE Y | dunkelrot 
49 C. controversa Hemsley =A | braunrot~rot 
50 Diapensiaceae Shortia soldanelloides Makino brdunlich rot 
var. ilicifolia Makino es usr cieal S 
Dill Clethraceae Clethra barbinervis Sieb. et Zucc. Y=aV7 | orangerot ~braunrot 
52 Ericaceae Enkianthus campanulatus Nichols, braunrot~rot 
Tie hes oy 
58 E. perulatus Schneider FYRYYYY | dunkelrot 
54 E. rubicundus Matsumura et Nakai rot 
SSUES WP EE 
55 Rhododendron dauricum Linn. brdunlich rot 
EP AFREIIY 
56 Rh. japonicum Suringar vyFYYY_ | dunkelrot 
57 kh, Kaempferi Planch. V¥YYY¥Y | braunrot~rot 
58 


Rh. Keiskei Miaq. EI 


braunrot 
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Lokalisation des 
Farbstoffs 


Anthocyane 


ob. Epid. u. seltener. Chrysanthemin (70) 


unt. Epid. 
Palis. >Schw. 


ob. Epid. u. seltener 


Mesophyll 


haupts. Palis. u. 
seltener Schw. 


Palis. >Schw., 
bisweilen Epid. 


Palis. >Schw. 
Palis. 


haupts. Palis. u. 
seltener ob. Epid. 


Palis. >Schw., 
seltener Epid. 


" 


haupts. Palis., 
seltener Epid. u. 
Schw. 


haupts. Palis., 
seltener Epid. 


” 
Palis. 


Palis. 
” 
Palis, >Schw. 


Palis, 


haupts. Palis. u. 
seltener Schw. 


Palis., bisweilen 
auch Epid. 


Palis. u. seltener 
Schw. 


Palis. u. seltener 
Schw. 


Palis. 


Palis. >Schw. 


| 


(10) 
(10) 


(10) 
(10) 


(10) 


(10) 
(10) 
(10) 


(10) 
(10) 


(10) 


Chrysanthemin (5)+ Paeonin (3)+Cyanin (2) 
Cyanidin-3-monohexosid (10) 


| Chrysanthemin (6) +Cyanidin-dihexosid (4) 


Cyanidin-3-monohexosid (10) 
C0) 


" 


Cyanidin-glycosid (7)+anderes Cyanidin-glykosid 
(1) + Cyanidin-3-monohexosid (2) 


Cyanidin-3-monohexosid (10) 
(10) 
(10) 


” 
" 


Cyanidin-3-hexo(?)pentosid (5) +Cyanidin- 
glykosid (5) 
Cyanidin-3-monohexosid (7) +Cyanidin- 
monoglykosid (3)+Leuco-delphinidin (Spur) 
Cyanidin-3-monohexosid (9) +Cyanidin- 
monoglykosid (7) 
Cyanidin-3-monohexosid (70) +Cyanidin- 
monoglykosid (Spur) 


Cyanidin-monoglykosid (6) +Cyanidin-3- 
monohexosid (4) 

Cyanidin-3-monohexosid (5 )+Cyanidin- 
monoglykosid (5)-+ Leuco-delphinidin (Spur) 

Chrysanthemin (70)+ Delphinidin-3-monohexosid 

u. Leuco-delphinidin (Spur) 

Cyanidin-3-monohexosid (4)+ Cyanidin- 
monoglykosid (6) +Leuco-delphinidin (Spur) 


Anmerkungen. 
Bereits angegeben in 
der Literatur als: 


Nr. 


Cyanidin-3-monosid (3) 


Cyanidin-monosid (3) 


Chrysanthemin (1) 


Cyanidin-3-monosid (3) 


Chrysanthemin (1) 
” 


Cyanidin-pentosid (3) 


Cyanidin-3-monosid (3) 


Cyanidin-3-monosid (3) 


Cyanidin-monosid (3) 


30 


306 i "2 WE 2B 3 68 & H 809 | MAA 30 46 11 AD 
Nr. Familien Versuchspflanzen Farbe d. Blatter 
59 Rhododendron nikoense Nakai IDET Ae rot 
60 Rh. quinquefolium Bisset et Moore yuvry 
61 Rh. Schlippenbachti Maxim. Wes If 2 yD) dunkel braunrot 
62 Rh. semibarbatum Maxim. DS Al Zap SP SP braunrot~rot 
63 Rh. Tschonoskii Maxim. =i Foy ES! dunkelrot~rot 
64 Rh. Wadanum Makino kKyYar7iayxyYYY | rotbraun~rot 
65 Tripetaleia paniculata Sieb. et Zucn *#YYY dunkel violettrot 
66 Ebenaceae Diospyros Kaki Thunb. D> rot 
67 Oleaceae Ligustrum obtusifolium Sieb. et Zucc. ARE dunkel violettrot 
68 Osmanthus ilicifolius Standish te 47x | braunrot 
69 Syringa Palibiniana Nakai + aYe%y>>y KF 4 | scharlachrot 
710 Verbenaceae Callicarpa japonica Thunb. JRA eS) as orangerot 
71 Caprifoliaczae Viburnum dilatum Thunb. WEA S braunlich rot 
72, V. furcatum Blume AADZATX " 

73 V. urceolatum Sieb, et Zucc. " 
var. procumbens Nakai T¥wyTv } 
74 V. Wrightii Miq Se eS ” 


Zusammenfassung 


1. An verschiedenen rot bis rotbraunen Herbstblattern wurden die Anthocyane 
mit Hilfe von Papierchromatographie untersucht. 


2. Zu dieser Untersuchung wurden 74 Pflanzen aus 25 Familien herangezogen, 
welche die schénste Herbstrotung von Blattern im Gebirgsgegenden Mitteljapans 


aufweisen. 


3. Trotz der Unterschiede in der Pigmentierung war die Anthocyanzusammen- 
setzung einfach; der Farbstoff der herbstlich roten Blatter bestand hauptsachlich aus 
einem Cyanidin-monoglykosid bzw. Chrysanthemin. 
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Lokalisation des Anmerkungen. f 
Farbstoffs Anthocyane Bereits angegeben in | Nr. 
der Literatur als: 
A Cyanidin-monoglykosid (ey aC yanidin.s: aie 
ks monohexosid (4) 59 
” | Chrysanthemin (20) 60 
Palis. u. seltener  Cyanidin-monoglykosid (S)+Cyanidin-3- Serie’ ; 
Schw. | monohexosid (2)+Leuco-delphinidin (Spur) | CYanidin-monosid (3) | 61 
. | Chrysanthemin (5) + Delphinidin-3- 
Bale monoglykosid (5) 62 
FS | Cyanidin-3-monohexosid (5)+Cyanidin-glykosid 63 
(5)+Leuco-delphinidin (Spur) 
: Cyanidin-3-monohexosid (70 )+Leuco-delpnhinidin 64 
(Spur) 
” ! (10) 65 
Palis. u. seltener 
auch Schw. ss o) cb 
haupts. Palis., | Chrysanthemin (4)+3 Arten des Cyanidin- aah : 
seltener ob. Epid. glykosids (3:2: 7) Cyanidin-3-pentosid(3)} 67 
| Cyanidin-3-monohexosid (10) 68 
| Chrysanthemin (70) +Cyanidin-glykosid (Spur) 69 
; Cyanidin-3.5-dihexosid (6) +Cyanidin-3-mono- Cyanidin-3.5- 
ob. Epid. | hexosid (2) +Cyanidin-glykosid (2) dimonosid (3) | ” 
Palis. Cyanidin-3-monohexosid (70) Cyanidin-3-monosid (3) 71 
Palis. (ob. Schicht) | Chrysanthemin (10) ae 
haupts. Palis. u. 73 
seltener Schw. u a) 
Palis. | Cyanidin-3-monohexosid (10) 74 
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Flowering Response to Various Combination of Light and 
Dark Periods in Silene Armenia 


by Atsushi TAKIMOTO* 
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Many important informations on photoperiodism have been obtained from studies 
on the developmental behavior of plants receiving various cycles of light and darkness 
of other than the normal 24-hours’ duration!:356, From extensive investigations 
of Biloxi soy bean and Xanthium pennsylvanicum, Hamner came to the con- 
clusion that reactions taking place both in light and darkness may be involved in 
photoperiodic induction». Also with long day plants such experiments have been 
carried out by several workers!3+5 but in comparison with the short day plants 
many points remained to be more thoroughly examined. 

In the present investigation floral initiation in Silene Armeria under various 
combinations of light and dark periods other than the normal 24—hours’ cycle was 
examined by the use of artificial light. 


Material and Methods 


Silene Armeria, sown in September, continues a strictly vegetative growth under 
short photoperiod until June of the next year. But when it is exposed to continuous 
illumination supplemented with artificial light at night, floral initiation occurs within 
5-10 days. 

From early September to November, the seeds were sown in several intervals in 
the field. Forty-nine plants —-——— in some cases thirty-five 


- whose leaves 
had reached the length of 1-1.5 cm were selected for uniformity and transplanted 


in 30cmx20cmx10cm wooden boxes. After transplantation they were grown in 
the greenhouse under short day condition, being exposed to natural day length in 
winter, but placed in a light-proof compartment from 5 p.m. to 9 a.m. in early 
spring. 2-3 weeks after the transplantation, they were employed in the experiments. 
At that time, they had developed several leaf pairs of 2-2.5cm length, and had a 
high sensitivity to photoperiodic induction. The sensitivity varied considerably with 
the season. In early spring they showed the highest and in cold winter the lowest 


* Laboratory of Applied Botany, Faculty of i 1 i RAK 
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sensitivity. In every experiment a control lot exposed to a cycle consisting of 16 
hours of light and 8 hours of darkness was provided to serve as standard for the 
photoperiodic sensitivity. The experiments reported here were carried out in late 
winter of 1953 and in early spring of 1954. 

Alternation of light and darkness was secured with the help of an automatic 
clock-work in eiget light-proof cabinets measuring 70cmx70cmx45cm, placed in a 
cellar room where the temperature was maintained at 20°~21° C. Each cabinet was 
furnished with electric lamps and ventilated thoroughly to avoid high temperature, 
but rise to 22°~23°C, during the illumination period could not be avoided. Lamps 
served as source of illumination, namely two Mazda day light fluorescent lamps of 
20 watt, one Mazda pink fluorescent lamp of 20 watt and one Mazda incandescent 
filmament lamp of 20 watt. Light intensity at the leaf surface was about 210 foot 
candles. Preliminary experiments indicated that various sources of light had a 
remarkably different effect on photoperiodic induction in Silene Armeria. Further 
examination on this point was not carried out, but the above mentioned combination 
was found to be the most suitable so far as investigated. 

Plants to be treated were placed at 5 p.m. in the cabinet, in which they were 
held in darkness until 9 a.m. of the next morning. Therefore, they received a dark 
period of at least 16 hours and thereupon they were subjected to the first light 
period of any particular treatment. They were subsequently exposed to various 
planned cycles of light and darkness for ten days. At the close of the treatments 
the plants were again held at least 16 hours in darkness, and then returned to the 
greenhouse, where they were allowed to develop under short day condition. 

During the experiments some plants were discarded on account of fungous 
injury and excluded from further observation. About 3-4 weeks after the close of 
treatments, the plants were carefully examined for the initiation of floral primordia 
at the terminal buds, and developmental stages of floral primordia were recorded. 
At the same time the stem length was also measured. 

The flower primordia were classified in seven groups, from 1/2 to 6, according 
to their developmental stage. The vegetative growing point was designated as O: 
it is dome shaped and successively gives rise to decussate leaves. In this way each 
of the seven stages of Fig. 1 had a numerical value and it was easy to calculate 
the average stage for the individual plants. The first reliable sign of floral initiation 
is the appearance of a tubercular process on one side of the growing point (Stage 
1/2). Such a tubercular process soon appears on the opposite side too, forming 
three growing points in one plane (Stage 1). The growing point in the middle 
develops into a terminal flower. Each lateral process develops again two tubercular 
processes in the plane perpendicular to that of the preceding branching, and this 
mode of branching is repeated to forma dichasium. The number of floral primordia 
thus formed in a terminal inflorescence is mainly dependent on the size of the 
growing point. which is determined by the vigor of the plant. But the developmental 
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Fig. 1. Developmental stages of floral primordia in Silene Armeria. 


rates of the individual floral primordia are mainly concerned with the intensity of 
floral induction. Therefore, when the later stages, 3-5 in Fig. 1 were determined, 
emphasis was laid on the development of floral organs in the early formed floral 
primordia of the inflorescence. In all experimental and control lots, the average 
numerical value of the developmental stages of the individual plants was used to 
indicate the intensity of floral induction. 


Experimental results 


The plants were subjected to the following photoperiods for ten days. 

1) 4 hours light and 4, 8, 10, 12 and 14 hours darkness. 

2) 8 hours light and 8, 10, 12, 14 and 16 hours darkness. 

3) 12 hours light and 6, 8, 10, 12, 14, 16 and 24 hours darkness. 

4) 14 hours light and 8, 12, 16 and 24 hours darkness. 

5) 16 hours light and 8, 12, 16, 20, 24 and 36 hours darkness. 

6) 24 hours light and 16, 24 and 36 hours darkness. 

7) 10 days continuous illumination. 

8) 10 days continuous darkness. 

Because of the limited number of cabinets used, it was impossible to get all desired 
cycles of light and darkness at the same time. In each experimental series a control 
lot was subjected to a cycle consisting of 16 hours of light and 8 hours of darkness, 
to serve as standard for photoperiodic sensitivity. 

The results are shown in Table 1. For brevity, in this table, the photoperiodic 
cycles are represented by abbreviations. For example, (441+4'd) indicates a cycle 
consisting of 4 hours of light and 4 hours of darkness. 1041 and 104d indicate 
continuous illumination for 10 days and continuous darkness for 10 days, respectively. 
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Table 1. Flower initiation of Silene Armeria exposed to various cycles of 
light and darkness for ten days. 


litter : No. of % of plants Average stage | 
oe eS plants with flower of ieee 
ycles : / : 2 
used primordia primordia 
4h]+4hd 47 100 AnD) 
4h1+6hq | 49 93.9 | ae 
4h1+8hd | 46 41.3 2.5 
4h]1+4+12hd | 49 26 1.8 
16h1+8hd | 47 100 Sri 
| 4hi+shd | 32 53.1 oy 
| 4h1+10hd | aye 29.7, 2.5 
| 4h1+12hd | 42 11.9 1.6 
| 4h1+14hd 45 0 0 
16h1+48hd 35 100 3.9 
8h1+8hd 48 50 23 
8h1+10hd 40 65. 2.4 
| 8bh1+12hd | 48 21.1 253 
8h1+14hd 48 0 0 
| 8h1+16hd 33 0 0 
| 16h1+8hd 47 93.6 Sue 
8h1+e8hd 34 82.4 B.8) 
so 1+-10hid 30 30. 0 22 
8h1+12hd 27 18.5 14 
8h1+14hd 21 0 0 
8h1+16hd | 33 0 0 
16h1+8hd 34 100 4,2 
12h1+6hd | 33 87.9 4.1 
12h1+8hd 34 85.3 3.9 
12h1+12hd 34 29.4 225 
12h1+14hd 33 (0) 0 
16h1+8hd 34 91.2 3.8 
12h1+8hd | 35 91.4 All 
12h1+12hd 33 42.4 Af 
12h]+14hd 38 0 0 
12h1+16hd © 33 0 0 
12h1+24hd 20 0 0 
16h1+8hd 34 100 4.3 
14h1+8hd 35 100 aa! 
14h]1+12hd 32 71.9 2.6 
14h1+16hd 40 42.5 Zao 
14h1+424hd 35 48.6 1.8 
16h1+ghd 35 100 3.9 
16h1+8hd 47 100 apall 
16h1+12hd 48 83.3 Zo 
16h1+16hd AT 70.9 om 
16h1+24hd 48 39.6 2.6 
16h1+8hd 36 100 3.9 
16h1+4+12hd 82 81.2 | Bol 
16h14+20hd | 41 bey) 2.5 
16h14+32hd | 39 | ae cs | 2a 
24h1+16hd 42 | 100 | Abts 
24h] +24hd 38 | 100 al, 
24h1+36hd 34 94.1 DA Ps 
16h1+8hd 36 100 3.9 
1041 49 100 | 4.5 
10dd 18 0 | 0 
16h1+8hd 40 37.5 | 2.0 
10d 1 20 70. 0 | 3.3 
10dd 18 0 | 0 
16h 14+8hd 20 40.0 | 3.0 


Average 
length of 


stems in mm. 


Dates of sowing, trans- 
plantation, 
and dissection. 


oa 
NEO OPT COMM HW AMMO ANNOMW ANENONM ONKFORD ADAWKAD OUNONOF BHOMTe wonmnus 


i) 
Xe) 
Pow 


7/X, 
29/XII, 
18/I~28/I 
26/11 


5/XI, 
24/II, 
11/M1~21/111 
5/1V 


5/XI, 
IEP, 
8/I~18/1 
17/1 


5/XI, 
14/1, 
4/Il~14/IL 
5/III 


5/XI, 

4/II, 
28/11~10/III 
23/III 


5/XI, 
24/11, 
11/1I~21/1I1 
5/1V 


1/X, 
29/XII, 
18/1~28/I 
26/II 


17/1L~27/ 
16/III 


5/XI 


24/1, 
17/1~27/11 
16/11 


WX 
1/XII, 
23/XII~2/1 
31/1 
7/X, 
12 I, 
2/XII~12/XI1 
11/1 


treatment, 
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Plants exposed to continuous illumination for ten days initiated floral primordia 
most easily, and those exposed to continuous darkness for ten days initiated no 
floral primordia. In each experiment performed between February 17th and March 
31st, the control lots exposed to the cycle consisting of 16 hours of light and 8 hours 
of darkness showed similar sensitivity to photoperiodic induction. Data obtained 


from these experiments are summarized in Fig. 2. Exposed to cycles of constant 


Fig. 2. Relations between percentages of plants with flower primordia and lengths of dark 
periods, under the cycles with light periods of 4, 8, 12, 14, 16 and 24 hours. 


Percentage of plants with flower primordia 


i 
0 4 8 12 16 20 24 28 32 36 


th Dark period G 
* indicate the lengths of light periods (in hours) Pp Cin hours) 


dark periods and various light periods with the increase of the latter more plants 
initiated floral primordia whose developmental stages were in addition more advanced. 
This was also the case with decreasing dark periods when exposed to cycles of 
constant light periods followed by various dark periods. The most significant fact 
is that if the light periods are shorter than 12 hours floral initiation occurs only 
when the related dark periods are less than 12-14 hours, but if the light periods are 
extended to 14 hours or more, floral initiation occurs even when the following dark 
periods are extended to 24 hours or more. Uuder cycles with a light period of 24 
hours almost all plants —— 33 out of 34 —— initiated floral primordia even if the 
following dark periods were extended to as many as 36 hours. 

Stem length varies considerably with the experimental seasons, probably being 
affected by the temperatures in the greenhouse. But in each experimental series, 


generally, the longer was the stem, the higher was numerical value of the stage of 
the floral primordia. 
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Discussion 


In long day plants it is uncertain whether the light period has a promoting 
effect or the dark period an inhibitory effect upon floral initiation. Hitherto many 
ideas have been proposed to interpret their photoperiodic behavior 245 7%®), 

Floral initiation in Silene Armeria occurs most easily under continuous illumi- 
nation, and it becomes progressively difficult with the increase of an included dark 
period. No floral primordia are initiated when the plant is exposed to continuous 
darkness for ten days. It seems that reactions which induce floral initiation proceed 
only during the light period. The present data shows that under cycles comprising 
a light period of less than 12 hours floral initiation does not occur if the following 
dark period runs 14 hours or longer, but under cycles with light periods of 14 hours 
or more, floral initiation occurs even if the following dark periods run 24 hours or 
more. It seems that if the light period lasts less than 12 hours, the following dark 
period is the determining factor which completely inhibits floral initiation when it 
is continued for 14 hours or more, but the light period becomes a determining 
factor if it runs 14 hours or more, and floral initiation occurs in spite of the follow- 
ing long dark period. Presumably, a dark period tends to destroy the changes which 
have taken place in the preceding light period, but if the light pericd is extended 
beyond a certain limit (12-14 hours), further changes had taken place which make 
the plant insensitive to the following dark period. 

From the present data obtained in Silene Armeyria the photoperiodic behavior 
of many other long day plants can be interpreted. For instance, Allard and 
Garner examined floral inititation of Rudbeckia bicolor under equal alternations of 
light and darkness, in eight cycles ranging from 10 to 36 hours. In this case, 
only the plants receiving 12 hour alternations of light and darkness failed to flower, 
but other plants receiving 5-, 8-, 13-, 14-, 15-, 16- and 18-hours’ alternations flowered. 
This may be interpreted as follows: in Rudbeckia bicolor, under cycles comprising 
shorter periods than 12 hours, the dark period is the determining factor of floral 
initiation and when it is maintained for 12 hours flower initiation does not occur, 
but under cycles with periods in excess of 12 hours, namely at 13-, 14-, 15-, 16- and 
18-hours alternation, the light period is the determining factor and floral initiation 
occurs in spite of the following long dark period of more than 12 hours. 

It is interesting to compare the photoperiodic behavior of Silene Armeria with 
that of short day plants. Short day plants, for example Biloxi soy bean, initiate 
floral primordia only when the light period is less than 20 hours and the following 
dark period is longer than 104 hours. Silene Armeria is inhibited in the 
initiation of floral primordia only when the light period is less than 12 hours and 
the dark period is longer than 14 hours. Namely, cycles consisting of a light period 
of less and dark period of more than a certain number of hours seem to promote 
floral initiation in short day plants, but inhibit floral initiation in long day plants. 
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Photoperiodic conditions required for floral initiation of long day plants seem to be 
of an opposite kind to those of short day plants. It is conceivable that the opposite 
effect is based on a quantitative rather than a qualitative type of difference, and 
the action of photopericds consists in adjusting the balance of some processes 


participating in floral initiation. 


Summary 


Floral initiation in Silene Armeria, a long day plant, was examined under 
various light-darkness cycles other than the normal 24 hours’ cycle. Artificial light 
was used. The results are summarized as follows: 

1) Under the cycles of constant dark periods alternating with various light 
periods, more plants initiated floral primordia, and their developmental stages were 
also more advanced, with increasing length of the light period. This was also the 
case when the dark periods were decreasing under cycles of constant light periods 
followed by various dark periods. 

2) If the light period was less than 12 hours, floral initiation did not occur 
when the following dark period continued for 14 hours or more, but if the light 
period was 14 hours or more, floral initiation occurred even when the following 
dark periods were extended up to 24 hours or more. 

Grateful acknowledgment is given to Professor S. Imamura for his suggestions 
and criticisms. 
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Sitiro SATO: A Supplemental Report on the Reduction of TTC 


by Plant Embryo Slices. 
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BRILASICY, HMMoOMRICL A TTC # 
TERINC IY TA 2 >> BH, EP a F +R, 
+P YB, YORE, Betts kL UR, Ca, Pb 
AAYOPFRR RN L, HDAREOREFOL EC 
(z, TTC (2,3, 5-tripheny] tetrazolium chloride) 
BIURINC LOC, 27> TARR KEE OR 
PAR He LRAT SS LDA CH AC LRA 
Bm LTE 

LELEA6, HBA OFRILAEF OG S 
PRD CROAK MASERDKSEWOG, & 
Roee LEARZEACRHN Lkitnitk biz 

o SHKIC4, VY TH, AR Fvxeevy 
ae Fr a—N® 7eE RRA LS DW kes 
PRM (LAGE CH AAS, 2 -> 7 PBA AKSBAAIT Ik 
MACSHVAV,EW5S 4OET<nC KV. 
FlILMMORREMOC, S64 OPO 
EE ORAR (2, Sk DMR AT ORK 
RAROCHEL LCREAT So 


BHEA BH 

MBICIE~ AR—E-ALLIINAINFY 1 
yy Phaseolus vulgaris D—(ahhie Z 6/6 
Pe Lick AEKICA LTH 20 FRADE > 
BED SIV G4~SMICIT KC REF OICTS. 
COM 4~5 MFO, Mie 5cc LLB 
10cc MHBeVICWH, 38°C O77 CHM 
Bt. 7FYBCONRRASHR ELT, FF 
Hats OC EB ETS. KIOREOKRAES 
PRICES SZ. RISK, ODUM (1071 


* BRAS 18 IKE (1953) Icdsv>c 
BRLEGOD— Mo 

RRL LEE HHL ATO ICE ES 
as = 


M » vie 90 74%+10-1 % TTC KASH 10 
A) ROC 0, CNM 4ec CHALKE MTC 
9cc ELK &DRAGARRICAAL, MBBRARIC IT 
AO dd OICB MME ORAV Po 


= ER 
1. y & ete 


Table 1. Effect of arsenite on the reduc- 
tion of TTC in the presence or 


absence of succinate. 


Succinate 10-2M None 


See 10-3M None |10-3M None 
Time(min.) 

15 = = as 
30 = = es 
45 = = - = 
65 s 4: - 4 
75 = + Se 

100 — ++ —- + 

120 — +++ | - ++ 


Table 2. Effect of 10-3 and 10-4M arsenite 
on the reduction of TTC in the 


presence of succinate. 


Concn. of 10-3M 10-4M_ None 
arsenite 
Time (min.) 

13 = = = 
23 = 2 a 
40 a Te ae 
60 = + cate 
85 = clpats clertects 

100 = bok Sar a5 


316 ti mM HE ie 


a5 DPB KER ABTS EL DUNT 
ZT efor e BA Le. Tab. 1 (t, HA 
ELC AN7BY— FeMZARISWbMZEW 
(dvb, BREE 10-3M OF & eee Roca IC 
FEEL MILT SC LERT 

10-4M 7 SLB CH TFHOIROCL 
#25 (Cle, ®)s 

2. ev vy Ree 

ee VY MRA a 7 PAI AK OPA SAM EV 
HNC S210, LiL, Ris 10-2M Or 
Pw VyRRY — KR S.<¢ ERO GCE, Roberts, L. 
W® tRICHASDZWS LIMABAIN A 
CURD 6 LOR DA ICOWCMRICBORORK 
FRR LI CPE S CRIBB TS. Chlkee 
Y YPC Peo D HD IPEDS O ¢ Vo fe & 
Bhbh40C, AIMUERIZECLCHARRFT 
Sho BUM EL, DAReRRICVNSE 
Zl, 10°M vv vymy—x C0-1M 9» vig 
Maye pH 6, 8 tw) WEL, 388°C m7 
vite C 60 SHDN. 60 HH, PEDIC 1072 
M vy YY Re S.¢ CO RIRIT 5 OLT, 38° 
C CRISDHET & RRR LHI AS. MHRRR 
ik. BCRP Sb LOnMRRRARICR LCA 
CinEECRhORGOR, 60 EC, BABA 
ds 6 KRW RIRIZ 5 OLT, 38°C Chik eI 
CSS. CORRIL Tab. 3 Choo 


Table 8. Slight inhibition of TTC reduc- 
tion by pretreatment with beffered 
10-2M sodium pyrophosphate 


solution at 38°C for 60 min. 


Control 
Time (min.) | with sod. (Pretreated 
pyrophosph. soln.) 
10 - _ 
25 - _ 
40 ? de 
50 + is 
75 els + 


ARR SSBR UC evo % EAS LdWoas, AUWLEB LE 
FAILS SI Lb<, PPMBMH M7 EBs wD 
BAD LAS ULAPERAL & 72BAKE Cie, 

OF IC HLBOREY OVELT 11 RTE Le 


a 68 A 809 & 


Wa 30 42 11 A 


(Pv, BHF bHcCHRCHS (Tab. 4), 


Table 4. Complete inhibition of TTC reduc- 
tion by prolonged (11 hrs.) pretreatment 
with buffered 10-2M sodium 


pyrophosphate solution. 


Treated Control 


Time (min.) 
1 = = 
35 - = 


60 - ata 
BUM SOIR Se SEDI, DA 10-1 
M te vy ity — XIKIAMICR DC, CHAK 
RY 7 CRUE L, MACHER OER B72 LC 
Me LA LESS. NRILAKH CIO 
Table 5. Decrease of TTC reducibility 
after the evacuation of slices for 30 
min, in buffered 10-2M pyropho- 


sphate solution. 


Evacuated in 
| Time (min.) | 
| LS am dist. water 
16 | = iu 
38 Sts a 
53 | 4 + 
98 = = 
122 os +++ 


Table 6. Complete inhibition of TTC reduc- 
tion after the prolonged evacuation (60 
min.) in buffered pyrophosphate 


solution. 


Evacuated in 
Time (min.) pyrophosph. 


aalan dist. water 


18 = 2: 
24 - — 
36 = — 
46 _ — 
60 _ aa 
67 _ 4p 


fEX Isc 5 BER 30 GOOb, Bixee V 
Y Meta $< TORR, BRE tHE LC EM 
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KUNKEL FHC 38°C CHRMSRZ, HR 
(Tab. 5) (XBR ALDOHS, BHO 
RR eRER LC 60 FEL EEL, PSE 
(SoS EM LS, RV UCE OWENS, Pair 
KORE LAH hROADH: (Tab. 6), 
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LOWE OC, WRK SRSPORPE LOG 
Wh, (ECA ERR A LEMON CHAS 

4. pH OZWS E54 

pH 3.8~8.0  10-1M Mcllvaine #27 4 FA 
We PH OAWSLGARLSENK. HERS Tab. 


Table 7. Comparison of TTC reduction in Sprensen buffer and in Mcllvain buffer. 


Sorensen 


Mcllvain 


Buffer pH 
5.6 6.8 5.6 6.8 
Time (min.) 
10 = ? = = 
20 = ef = at 
35 + +44 _ ++ 
55 ++ +++ + ++ 
75 +++ +444 + +++ 
120 ++++ 44444 ++ +++ 


3. 7= yee 

Y YBRAROMD 0 (C7 = VRE S.C te Mc- 
Ilvaine MM@MReODW, pH 5.6 £ 6.8 ic 
C, FPHVBBOZAWVELIAXHRMLAE (Tab. 
To 

PH (GABE 5 AIGANTPWS LLBOK 
BRLIRD C7223, WF. DH (Alt ssv TEI =Y 
BIC L dV LASERS S. LP LOOP Rlt 


Table 8. Effect of pH on the reduction of TTC. 


8,9 ICRARTS. 

pH 5.0 WE CILRIGAS SD USAL<S BSH, 
PH (Asi < SIZE RIEZIOL 

5. 2.4—D 

2.4—D (LRAMEMO Re IEIES 2 EV dot 
NOS, MR LDF DPE RU (Tab. 
10), 

6. HHOBS 


pH 3. 8 5. 0 6. 8 8. 0 
Time (min.) 
30 - - - = 
45 — = + + 
82 - ? ++ +++ 
100 = + +++ +4+++ 
185 - + ++++ +444 
Table 9. Effect of pH on the reduction of TTC. 
pH 5. 0 Bears 6. 8 8. 0 
Time (min.) 
20 — = aI =i 
40 ~ i +++ +++ 
60 ? a SR aR ae se ae ie ae 
85 fe ae SE sae ayaa Sy SR ae IP aE 


318: a 
Table 10. Effect of 2.4-D on the-reduc- 
tion of TTC. 

i 2.4—D 0. 002% None 
Time (min.) 
10 _ A 
ak a~ = 
38 + =e 
58 ae 
62 + + 


RET OOSTe, MINIS CALSK Lb 
HboNS,. EK, WAAITTTSE, Kass 
TRiEW LWdNTWS) Lis 4 LOIN 
DE, YVYR-—s7Ub-AYAV CHES 108v. 
144, 2169 D=HOOWRFROC OD, BMEBUO 


HEC BIS S eC RR Leo 
Table 11. Comparison of TTC reduction 
by sections in various thickness. 
cay 108144 216 
v) y; Wes0 f 
Time (min.) 
14 — ? + 
20 _ ? + 
45 a f dest 
60 a ee ++ 
100 ~ fi +++ 


fA (Tab. 11) (X 140» ¢BVWASSRHEG, Z 


Pretreatment 
(30 min.) 10-1 10-2 


Incubation 10-1 0 10-2 0 


Time (min.) 
20 — _ = = 
30 = _ = = 
45 - - = = 
61 - = = ? 
a _ ak = ae 
uw aes eee 
101 = a AL = 
144 — +4+44+ | - 


68 4 =F 809 = 


Table 12. Effect of KCN on the reduction of TTC. 


Concn. (M) of KCN in buffer 


Concn. (M) of KCN in react. mix. 


Ma%n 30 4F 114A 


WOOF ice S ERMAN US US WEE TS. 

7: SfekU KCN OfEMIZOWTe 

AUG, 10-3M c\.ED KCN ZEEE 
LOCWHACLEFMDISLE. FLUC TSOU & 
BIFAL, KCN iififtic 2 >> 7 Bei a SWeSe % BL 
“> Za ABER Serko LL Tsoul (2, ob 
PoOBRKD *F vy SRA lt HR 
YB (6 x10-3M) -GIF ATMA 7 BYR EEA AS 
bZLO50 BHORRAF ICS KCN OF 
(EH LZbDY CHIR CHLAOC, CORPO 
PER CbUL<S LAC EDABE Ch St 8x, OF 
ORR ts 7 TROKS 

KCN # 10-1, 10-2, 10-3, 10-4M 22, 
10-1M » vy Reiidixe (PH 6:8) Wom LBA 
MRR 2 HOC SZ. SHARRAICIZ KCN #8. 
C Eve 5 CNOOF See CHR 
OvzL, 30 GHB, Woe 5 ARS 
LES 0 Ov G KCN #5. ¢ toca ie CH RUB Lite 
2 #1056, 1 MeTHTn 10-4 10-2, 10-3, 
10-4M KCN #5. ¢ te SCI CEH 4. Occ + KCN 
0. Sce-F 7 0.5 cc; BH. CET) 5 IFS 
{HD 1 AIRF KCN #5. <¢ ERI CR 
W@ 4.0 cc+7k 1.0cc) H5HOL, THEHNITKWO 
FZATRBRLTS. (LUM KCN *#3.¢ EME 
UR CMU LRG IL, (LOE ER(LO KCN 
$0 ERKUINRIC5 OLT, PARWRICKE 
FEMER OTE ETS 6 

#GR (Tab. 12) (BRE SC EMEWMIC, HA 


10-3 | 10-4 | 0 


10-3 0 


fp dba Ol Tg 
- a = + =F 
a ts a feet “ene 
=» ~igele ta a a Swen s 
he SG rleese cao 
= =) b+ b+ 
=e nae eae 


++ +444 
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RWELTCRMEOLSdNBAS LO, FLEE SCORER b OC HM SUI WIRE DEW 
© KCN OBREAKS VES AS BAL SAUL TTC ORICA ET 6 SEIS 
HES BUSHAS KCN E26 EIEBUIL, 10-6 i2<, ABCA Sh ORR 4 OHMS, tot 
M 2\> 5 ME CEREBRAL EO CUS, OME ROB IBEMSE, SIO Zee 
KCN OATMB te 5 -c, usec KCN EROS SS SSRI CHS ZR 
BEA SHNEVIESWICIL, ABE LO CHAM CHA 4 o 
BHBTS. 104M CisScHBec, pi 
He ITH ES VERBS AV, SHY EO = = 3 
WE CA < SAMGLL, REMAICIRHES 3. ABERBCEORME YC, 3» 7 RBA 
Tirbs, KCN OfERTATBIATCE 4, 10-2M OPED RAI & DDN. LRAT, ARO 
DLE KCN -CHPMEBLALEBUNCIS, &ILOS faa SSMU ESIC, TIC POI L OC HA 
SCWHEMECIMEB LA. tieb DEBI a7) 7 RISC TK SESE BLE © FALL AAO BR DS ATE 
FERABNASA, CHhOECL, BLUOSFMMOMRCL, COM 
CHEOMARAL, BHOMICBWC OAT AEE (SBE BU OMMIDISO LUO LAS, Sree 
PEDRICISWCh, Tsou OFRE—WLIV, OMERE S20 KCN OfERICOW c(h, & Bic 
LOC, CORRICHIS KCN OM BEAL, (DLW CRN RRADE Lishbndo 
Summary 


The effects of arsenite, pyrophosphate, citrate, pH, 2. 4-D, thickness of slices and 
cyanide on the TTC reduction in the slices of radicle and hypocotyl of seedlings of 
Phaseolus vulgaris were examined. Among these reagents and reaction conditions, 
arsenite, pyrophosphate, cyanide and low pH inhibited the reduction of TTC, while 
2. 4—D accelerated it slightly. Citrate had no appearent effect on it. When the slices 
were thinner than about 150 4, no reduction appeared in them even. under the best 
conditions. The inhibition by cyanide and its partial reqersibility were confirmed. 
It was concluded that the TTC method for the histochemical demonstration of suc- 
cinic dehydrogenase in plant tissues is reliable, and that the enzyme is distributed 


in the cells of procambial tissue. 
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Sinske HATTORI: Hepaticae Occurring on Serpentine on Mt. Apoi (Hokkaido) 


1955 42 8 A 26 Bett 


WER AKASLR* 24K L tO BE 
AK) 1000 ROMRBKORODG, FOPLOA 
sro, 4 (810m) kepCaHeIC BS 
OF -RERM UC HBICRET 4. HALA 
WES ¢PHALC AAPG tt OBER 
CoBILK < WEB 3 fi cH) cC OBITS 
PEK CHO, REKERCE ORFS P 
FICS SORBRILRE A SAS, HOWWBINT 
HO SPEEA ASW 4OA MEV. £5 CH 
Bo 

BAAi he SRMl Oo MEDICHAIOWL 
CHUB CH So ELS 5 ISG HE, AI DAS HICHS 
UTE ASHEN (CBE Te LK ERIC UE < 
BOKBGRO CHICA LCS BITE MRO 
SL YO WIT SMB. SCE CHIC 
mMlhtew, BEL COS DMMITPS LC IRI 
ETRE eee PIC ALB H TC EDM 
So VEOCHMOKAHMH, pH t®EOR at 
IPICHR<, COC LILES O HRD HRB 
Heae S24 _ WEBCRHE, VCH, TERRE 
FA7 VU SOBRILEL UCLICRATS. 


Me SR 

7 E4 WORE _bIC AL Sie BMltO27 
i Chk. €95 >BA) ee we PAL te 1] RRL 
AAO OEE CELINE, 52M, J DUB 
3, DEER, RU CY RY VY, Steyn VER 
ets) ICC, (hOB Mb CURE SHigwote 
bDCHS6 

I, Hepaticae occurring on serpentine: (1)* 


Barbilophozia barbata, (2) Bazzania trilobata, 


4 BCE A BEAU CK D DIRE O — ae D> 
sO LCA eFeT HS | AEE ASR SRA 
FETto | ROBB HICH L CRB OR 
BTS. 


(3) B. ovifolia var. vastifolia, (4) Blepharostoma 
minns, (5) BI. trichophyllum, (6) *Cololejeunea 
nakajimae, (7) *C. rupicola, (8) Diplophyllum 
taxifolium, (9) *Euosmolejeunea auriculata, 
(10) *£. obtusifolia, (11) *Frullania densiloba, 
(12) Fr. jackii, (13) Fr. moniliata subsp. obscu- 
va, (14) Herberta sakuraii, (15) Jamesoniella 
autumnalis, (16) *Jubula hutchinsiae subsp. 
japonica, (17) Lejeunea rotundistipula, (18) 
Macrodiplophyllum plicatum, (19) Metzgeria 
conjugata var. japonica, (20) *Nipponolejeunea 
pilifera, (21) Plagiochila satoi, (22) Plectocolea 
prostrata, (23) *Radula amentulosa, (24) *R. 
boryana, (25) *R. kanemarui, (26) R. obtusiloba, 
(27) Trichocoleopsis sacculata. 

So far as the write has been able to ascer- 
tain, the species marked with an asterisk (*) 
have not been collected on any substrata other 
than serpentine in the present area. 

C1) (RA APTIAERO HUES C, RAR CIE 
PHAICBEL, +O pH (kt 5.8~6.5 GhS 
28, SP FRRABRO 4H BRC (TREC Lb ICSE SI, 
PH 6.5~7 CHhOK, —HICHMILt OD AAD 
BBS CULEX DHT O Jk IBLE F Cha 
SNS MMA DO PI ZIEKINO 7 FAA aH 
(c), MRCS < OMAMSNCOS2s, Fl 
R(LREAUR A BO AIK HICH ARO Ba 
ANSE | CPHL Cl Bo 

(24) (ERG, AN, PIE, JUNO PRLZ OR 
MBRCVIIC Fiji ICTS S. COMOBE 9 
(LINC HAI OO UBER) ICEL, Tit 
%& (16) DSM 25e ERAGE DEI SRERRO 
eee met maw (en 

HI ACAI 4B LC AEB ete GRIESE SIE 
ODS, APU Zee AE BY GEER HERCE HB 


November 1955 


ESS F— ReHOCWAD, B 
BRL) 

QYEEMO 11 BOT CAH REIARETC 
PERC aH ICIRONS—_B, REBUS LICE re 
RicaoRL AICI CLUTPERCR HRA < , 
AOR 0 HER Stik POORLY EC HA 45 )— th 
Aa CLLAKBXBR<), CIZITTER, WHE, 
Hanree, BRE, ENCES, » Miro 
ELICESTS. DAP (COMSHAR~ 
PASS) ICA CILEICR OG, DO LABERMLA 
DAS SDA TEC Teo 

AED DEV 16 2945 % Trichocoleopsis saccu- 
lata 7eE 3 fH GHP) THRORBOO 
13 MIL AASICHBICEL, “HR COHEA 
RARE <, SREB CALAKBEBRS ) Ic 
mEt SRE OKKAZRICEt 4. fa Stee 
Hi ic A ie Be BIT SX, (8), (10), (13), 
(18), (26) ee, 2), (14), C1), 23) & 
ERBZICKR Co COPL b 4hnme Rete EO 
KER Ahh DEE FEN E C10) Euosmolejeunea 
obtusifolia C354 4.5 


D> SME RCH 


BRABH 

FE 4 UPRLBID Ary RH ew YN TITRE 
it ee CHE 250m) ZS, COA 
BEICRESHN?EGALKO 14 BCH OK, 

Il. Hepaticae occurring on limestone: (1) 
*Acrobolbus mayebarae, (2) *Athalamia sp. 
(sterile), (3) Conocephalum conicum, (4) Frul- 
lania_ truncatifolia, (5) Mannia longiseta? 
(sterile), (6) Metzgeria pubescens, (7) *Plagio- 
chasma intermedium ? (sterile), (8) Plagiochila 
ovalifolia, (9) *Porella gracillima, (10) P. gran- 
diloba, (11) *P. setigera, (12) Reboulia hemi- 
sphaerica, (13) *Solenostoma exsertifolium, (14) 
S. triste. 

So far as the writer has been able to ascer- 
tain, the species marked with an asterisk (G9) 
‘have not been collected on any substrata 
other than limestone. 

2D35 SBS Lt 6 lt SHR CILAIKA 
DIRE DRED ORLDG, BOP BITE 
OBE GERBER <) IChETS. HIE 
SHAKES LEUBS4LOG, BAO 


Bot. Mag. Tokyo, Vol. 68, No. 809 321 


Aft EA Git Porella setigera AOR LTH 4 
Al\RBEOAICH SNS. RL “EBIKE” & 
ROT b RMNNICE TS £5 LO BAYT 
Keeani 2% £5 ORM BES 
Lo ASAE CILGIKAHIOAICE GNA Pla- 
giochasma intermedium % ® (tht Fe SESE D GK 
BEL TW SDS, SMREOA C4 AIC MAT So 

SEFDO HEV, 8 fart, (6), C10), 4) AKA 
BMtS2 od, (hE 2 PE ORV amt 
ROMF LOCKS. AKRAKeWORMBEL 
C (1) Acrobolbus mayebarae 7338 (7) Pla- 
giochasma intermedium D4R\F DRS|AS, HRTIL 
BA (Xihahh) BK abOtHNe UC 1 Bee 
CHE CY) Porella gracillima te 4, 


tea Si CARBS & OitR 


EVR ORERCA DEEL ERC SIA & 
Hx LIANE CH 40 HB ICMEMALICOSET 
AMlLS < HELE. ZICNLCARAMES 
PAICIRB IRD LZ BEAD << roo DW 
mn OBE C4 Ene roe A 2% Ret Z 
CL(LHS7V> AITROMN<, Ala GS 
4, (OAL CILMOHD & ORF Cie 
PALTED, TGR EEA RU Te, BIR BHOA 
ATF TES SIC BOR ERT NAS 4.004 
WOCHSo RALEA SRERUAHE BH & Le 
KG, FOBIMICHA Ch O, MEAS 
(ORR UT Ra tS 5 ARE SOD eF 
SnALBEZ Do 

RICKERCA BIL HORII 4h EGET SD 
ARB EIA SNS, BAK a BHA kee 
ot BIC (LARP Doe LILA ica 4 
2, COAL UCHRAD + FAY Y ARBER 
CBAC Se E (MgO #9) 30%, CaO #4) 57%), 
(WH BRAD ALY VY ARERICEAECWOSZEE 
(CaO #5) 40%, MgO #9 5%) 2 HFIC HRA LL, 
LOMO ALEMMICLAD LOCH DO, 
ZH EMOUN < KERCA CRS ICH Oo 
fF) PEORIA SND LBA AM, 


eR te LUE (RIESE) ICTKNLISEARBS 
%i Porella stephaniana 4} 1 fia WERCA LICH 
— PER ShnieHo 


322 ti mm ME RR 68 4 Bf 809 & HB#n 30 el A 


ACH RDSEINCBW OIL, FECA tn 
ART AFORE SB? AZ cE Olbix C—-MIGAST, HOCHKREA~MMICDATS 
ASC ILT RA WO? w F135EF HOMIE SHIH AT SPA 0 6) 
REL, KOCH HIMELIEEE, BLOF 7 8 4 CRIED OANA A LGR 2 
OTe WEZE ICR CHI DOC So KICKER OBIE LUX LISD SEEICAEE TS 3 AS Sh & AERC 
REET, STR AACE, AO HA LI So RUSMCK CIM AOMGRAA EM 
EIS 7 9 F DIB EIT 0 BETORD, COREKBLU LORS 50 Al 
C1) AYES @ fs D REMB IT LEAS LC PEO BUEAL 212 Frullania densiloba, Cololejeunea nakaj- 
CHEBUEODS, L OFHAARTULIEDM RBC Bo mae, C. rupicola Tr EBUNTREBICET OBS, CC 
(2) We {HRI THE RCFE DE 2 PEASE {clk Barbilophozia barbata, Macrodiplophyllum 
pH BMA T 1} UPEOBM ME CEO, plicatum, Nipponolejeunea subalpina 7s X DAC 
ERC OAC EEO BL Ab iO Bi ~RMOBRMER LCOS Mita ClO 
REDS, AScANIC Se So PHAEIR & PSE KERB Blepharostoma 2 far MCk Ze, 
BSG OMEDS LU ARH ® Uh < “EH Bo Bl. minus (UVES UWIRICOI CHT OP, E 
(3) Beit, “bBRIC EL Di PEA pH ““~clt BI. trichophyllum BL7Et 4S, (71) BE 
DBL OF LOREM Te BOC OME BBC Hy CIE OBA BIC Hoe LC eR 5 
Ao MAOR Ee UTI Marsupella f&, Scapania 2, CONRBM CSch Lee < CIEE L 
DA, BOMEULTIX Gymnomitrium, An- CTE 
thelia D2%jx, Ptilidium californicum (Ab¥EsaO LLE, BSH M7e > CER UC APORAMe 
Ta, ARE) HE, WIC S WATS To LDS HUES, LIOR ~ (od ia She L 
HES 4) FRADMBHM7 e FIk, >= DDI <, KMPER OMOME, FEED RE 
» AMG 300m % fe OSES Bie EHH AS NODEBASHNOM, WICH ROM Ss ROL 
ANC PSE EDM COSA, BRUIT IT HE, ROARED SLC, DLAAROMeC 
COMAURE CH So (5) ML ~MTEO $5. REPS 7 eo IC Lie Oe 
BN LESH LARCH SQ’, HICINC IE AAPL D be IL LTC O/MERIRS 0 
Summary 


Mt. Apoi is situated in the island of Hokkaido, ca. 42°N. Lat., 143° E. Long. -It 
consists mostly of serpentine, attaining an altitude of 810m. above sea level. As 
shown in the list I, twenty-seven species were found on serpentine, in which eleven 
‘species marked with an asterisk (*) are confined to serpentine and the remaining 
also occur on various substrata other than limestone. In these eleven species, only 
Barbilophozia barbata belongs to the holarctic element. The others are mostly 
endemic in Japan and her adjacent regions and considered to be of southern origin, 
the center of their distributional area being generally in Middle to Southern Japan, 
where they occur on the bark of trees and shrubs and various rocks other than 
limestone. Thus there are no essential serpentine-loving hepaticae so far as the 
present area are concerned. 

At Esamanbetsu north-west of Mt. Apoi, an outcrop of limestone is found on a 
small scale. Here fourteen species were collected on limestone, as shown in the list 
Ne in which six species are confined to limestone. These six species are endemic in 
Japan and its neighbouring territories, where they occur almost. exclusively.on lime- 
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stone. Thus they may be regarded as calciphile hepaticae. 


It may be a most remarkable fact that few or no hepaticae can occur on both 
serpentine and limestone rocks, so far as the writer’s knowledge is concerned. Gene- 


rally, hepaticae are hardly tolerant to a certain degree of magnecium as well as 
excess of calcium in the substrata. The injurious effect of the two rocks is not the 


same physiologically. 


iA Gossett Ogee Il 
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Taro JINNO: The Study on the Hybrids in Rubus II. 
R. trifidus Thunb.? xR. palmatoides O. Kuntze 3 


1955 49 Aol AS 


ci i 

SEAILBEC R. trifidus (2) R. hirsutus (3) 
LU R. trifidus (2 )xR. ribisoideus (3) DHE 
BOO CRALEDAD B/KEF SAIL R. 
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Résumé 


1. The results of the research on the fertility, characteristics and pairing of the 
chromosomes in the reduction division in P.M.C. of the F)-hybrid which is raised 
artificially by crossing R. trifidus (9) and R. palmatoides (&) are given. 

2. The chromosomes at the metaphase I in P.M.C. pair well but. one or two 


pairs are loose in the union of chromosomes. 


3. The pollen fertility of the F\-hybrid is rather high, namely the rate of the 


pollen having contents is 91%. 
4. -The Fy- 


hybrid is fertile but the average percentage of the fertility in the 
nature (24%) is lower than those of the parents (65% and 50%) 
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Electrical Change Caused by Blazing in a Non-sensitive Plant 
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It is well known that the transmission of a stimulus in sensitive plants is accom- 
panied by the appearance of an action current. However, only few cases have been 
reported about the spreading of the action current for non-sensitlve plants. Using 
sweet potato plant, the author observed the transmission of potential cnanges caused 
by blazing at a certain part of the plant through petioles and stems. Although 
several papers about this phenomenon were already presented last year in Japanese 
an outline of the works is reported here. 

The author is indebted to Professor J6ji Asida, Professor Isao Hatakeyama and 
Mr. Jir6 Kato for their constant advice and encouragement. 


Material and Method 


Sweet potato slips used in the experiments reported here were etiolated ones 
grown in a darkroom at 25°C. The electrical response of the green plants grown 
in the field, however, was not of so different a category from that of the etiolated 
ones in its essential feature. 

For the measurement of the electric potential, a kind of Wheatstone bridge was 
constructed using the vacuum tube UX-54, whose internal resistance and resistance 
between space charge grid and filament served as the two arms, being combined 
with a potentiometer at the input side, and the bridge circuit was operated as a 
zero point instrument. A pair of non-polarizable electrodes used was of a Hg-HgCl- 
KCI system.) 


Results 


The two electrodes were put on a petiole, and the tip of the leaf was exposed 
to flame for about one second. A typical record of the potential change is illustrated 
in Fig. 1, A little while after the leaf was flamed, the potential at the distal elect- 
rode became strongly negative against the basal one, followed by a recovery and 
then irregular fluctuations. Unlike the cases of Mimosa and animal nerves, the 


potential change was not diphasic but monophasic. 
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In another experiment, the potential difference between petioles of two different 
leaves was measured, as illustrated in Fig. 2.* The tip of a leaf whose petiole 


carried an electrode E;, was flamed. When the two electrodes were far from each 


other, the negativity of the stimulated side lasted for a few minutes, as shown in 


the figure. Similar potential changes were recorded also when electrode Ez was 
earthed. 


B, 5B, Bs, Bs By 
— about 50cm, —~ 


b; B, B, 


-20 


a 2 min. 3 1 2 3 min. 4 
Fig. 1. Potential change at distal electrode, Fig. 2. Potential change at the electrode on the 
Fj, against the basal one, Ep. petiole with the blazed leaf against another one 


on the non-blazed. 


Fig. 3 


Vv vA 
Fig, 4 
iV I flame 


1 2 min, ‘a 


Fig. 4. Various figures of the poten- 
tial change corresponding to the di- 
Fig. 3, Explanation of the occurrence fferent positions of the electrodes 
of the monophasic response (see details attached. 
in the text) 


* Since immature leaves are folded, the youngest leaf that has been unfolded was denoted as 
By, older leaves being successively numbered basipetally. 


December 1955 Bot. Mag. Tokyo, Vol. 68, No. 810 339 


The monophasic nature described above may be accounted for by this persistence 
of the potential on the stimulated side. Let P; represent the potential change set 
up at the distal electrode on a petiole, and P, that at the basal one on the same 
petiole (Fig. 3, A). Then, P; minus P; may give a monophasic curve (Va, —V,—V, 
in Fig. 3, B), if the once established potential level be persisted. The broken lines, 
on the other hand, represent the case when the negative shift of the potential at 
each electrode might be settled in the original level after some short duration, namely 
the case of diphasic changes, if it could occur. 

In order to see how the effect of blazing is propagated, electrodes were put on 
various parts the one on the petiole of the blazed leaf and the other on a part of 
the stem below (I-II, Fig. 4) or above (Fig. 5) the base of the petiole; otherwise 
both electrodes on the inter node below (II-Ill, Fig. 4) or above (IV-V, Fig. 4) the 
flamed leaf. Comparison of the curves, II-III] with IV-V in Fig. 4 indicates that the 
electrical change is induced only in the part of the stem below the flamed leaf, but 
not in the part above it. And the curves of potential I-II in Fig. 4 and A in Fig. 5, 
can be also explained by the basipetal propagation of the blazed effect and the 
absence of the acropetal conductance. As represented by the curve A in Fig. 5 the 
electrical negativity at the excited site, once established, continues for a few minutes 
in most cases, followed by the gradual restitution. 


Fig. 5 | A age Fig. 6 


1 2 3 min. 4 
al 2 min. 3 


Fig. 5. A: an example of potential change observ- 
ed after the first flaming, Fig. 6. A: effect of the second blazing 
B: effect of thesecond blazing 2 hours after the first, 48 hours after the first, B: electrical 
C: effect of the second blazing 24 hours after the first. change with a wilted plant. 


When, however, the apical part of the leaf was flamed again, two hours after 
the first flaming which had caused a potential change as A in Fig. 5, there appeared 
certain irregular potential changes (B, Fig. 5) in a quite different feature from the 
preceding response. Some abnormal state must be retained in the plant for a long 
time after the first blazing, although the electrical potential itself have been settled 
in the original value within a short time. In oder to obtain informations about 
this persistence of the unhealthy state, the plants once blazed at the leaf tip were 
kept in a dark room at 25°C and the same leaves were blazed again after 24 and 
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48 hours respectively. The pattern of electrical change was shown to be still ab- 
normal in the former case (C, Fig. 5), but more or less close by the normal reaction 
in the latter case (A, Fig. 6). Hence, some several ten hours seem to be needed for 
the original state to be recovered from the disturbance caused by the blazing. 


Irregular reactions were observed also when the plant was wilted (B, Fig. 6). 


Fig.7 = g.50m 


\ 
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eee! 


i 2 3 min. 


2.0cm 
Bee 


1 2 3 min, 4 


Fig. 8. Two examples of potential change 
Fig. 7. Absence of the cut effect-on the leaf observed after an application of heteroauxin 
in contrast to the case of flaming. at the cut end of a leaf. 


Now, it is a matter of importance to see whether similar electrical effects can 
be realized also by other kinds of stimulus. Various methods of stimulation were 
tested for this purpose. At first the leaf tip was cut by scissors or a razor, but no 
electrical response could be observed in its petiole. The decapitated leaf was found 
to be responsive when the cut end of the leaf was flamed later (Fig. 7). In further 
investigations the commercial alternating current of 100 Volts, a concentrated solution 
of H,SOQ4, HCl or CuSO, or boiling water was applied to the midrib of the leaf, but 
such a clear-cut response in the potential change as realized in the blazing of the 
leaf tip could never be found in these experiments. But it is to be noted that a 
potential change appeared on the petiole, when the cut end of a leaf was dipped 
in a concentrated solution (1 per cent) of heteroauxin (Fig. 8). 

Another important fact to be mentioned is that the effect of blazing at the leaf 
tip did not travel down through the part of the petiole when it was treated by 
boiling water beforehand or cooled by ice. Similarly, if the leaf tip had been killed 
by boiling water, blazing of this part did not cause electrical change in the petiole. 


Discussion 


Although as to the mechanism of propagation of the electrical reaction in the 
plant tissue we can draw as yet no decisive conclusion, from the results obtained it 
may be suggested some substantial conception about the nature of the phenomenon, 
as mentioned in the following. When the leaf tissue is heated by flame, some sub- 
stance (or substances) may be produced and translocated basipetally through living 
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cells. The part of the petiole or of the stem affected by the substance may become 
electrically negative. From the viewpoint of this material translocation theory we 
can understand most clearly the fact that a duration of more than 24 hours is 
needed for the affected tissue to recover its normal responsibility to another blazing, 
while the potential change usually disappears in only a few minutes. 

The imazined substance seems to be neither produced by the action of strong 
mineral acids nor by the treatment with boiling water. Heteroauxin can cause an 
electrical change, but the process of this change differs from that by the blazing. 
The relation of the substance here concerned, to those which are considered to cause 
the leaf movement (2, 3) and electrical change (4, 5) in Mimosa is worth while to 
be studied, because the general excitability of plant cells is considered to be the same 
in nature in both sensitive and non-sensitive plants. 


Summary 


With the slip of sweet potato, a “non-sensitive” plant, an electrical potential 
change was observed to occur at the petiole and stem following after the blazing 
of the leaf tip. The effect can be propagated only basipetally. 
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Studies on Yeasts Isolated from Pine Honey I 


Various Observations on Torulopsis candida (Saito) Lodder* 


by Minoru YONEYAMA** 
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A sweet sap exudes from protuberances on the trunk or branch of pine tree, 
Pinus densiflora and P. Thunbergit, caused by a pathogenic fungus, Cronartium 
quercum Miyabe , and it has been known in Japan as “ Pine honey” since old times. 
S. Hattori and co-workers?” have recently found that the sap was composed 
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mainly of fructose mixed with some glucose. As yeasts, in nature, live in juice of 
fruit4=62 or nectary, the author attempted to isolate yeasts from pine honey. This 
resulted in the frequent isolation of a special strain of yeast, namely Torulopsis 
candida. According to the paper of K. Saito®, this strain ferments D-glucose and 
D-fructose, but not saccharose. Regarding these points, the author tested further 
and confirmed the facts formerly reported. 

The yeast grows most favourable at 20°C. This is lower than the temperature 
considered favourable for many other yeasts. Relating with the two facts, behaviors 
towards sugars and temperature optimum for growth of Torulopsis candida, to the 
high frequency of the yeast in pine honey, one may understand that pine honey, 
which is the habitat of 7. candida, is composed of only two kinds of sugar, fructose 
and glucose, and that the low temperature optimum for growth of T. candida corre- 
sponds to the fact that pine honey exudes during the winter months. 


Experiments and Results 


1. The first isolation; Date; Feb., 1954. 


Locality and Sources; Umaki district 8 km north-east of Hircshima city. One 
material (Source A) was pine honey from a protuberance of the exposed root trunk 
of Pinus densiflora from the soil (Fig. A), and the other (Source B) was pine honey 
from a protuberance of a branch of Pinus thunbergii (Fig. B). For isolation a 
wort medium of 10° Balling, pH adjusted to 4.8 with tartaric acid and the same 
containing an additional 35% glucose were both employed. The material was smeared 
directly on wort agar plate and this was incubated at 25°C for 4 or 5 days. All 
types of yeast which occured on these plates were sorted. On the other hand a 
material about the size of a rice grain inserted into a test tube containing a medium, 
which consisted of 5 ml wort. After liquid cultures were kept at 25°C for 7 or 8 


Table 1. Isolation of Torulopsis candida from Pine Honey (1) 


Source At Br 
February, 1954 
Isolation days ‘ ——- l 
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days, the sediment in the test tube was streaked on the wort agar plate. 
The cultures of Torulopsis candida obtained in the first isolation are shown in 
Table 1. 


2. The second isolation: Date; Jan. to Mar., 1955. 


Localities and Sources; 1) Umaki, Sources A and B, used in the first isolation 
and other Sources C, D, and E. 

2) Nabara district, about 20km north of Hiroshima city, using Sources F, G, H, 
I, J, K, and L (Source L is shown in Fig. C). 

Honey agar* was employed as isolation medium. Cultural plates which were 
smeared with pine honey were kept at room tempt. 8°~15°C and only the strain of 
T. candida was picked up. Table 2 shows the cultures of the present strain obtained 
in the secend isolation. Successful isolations seemed to depend much on the quantity 
of pine honey smeared on the cultural plate. Successful results can be expected, 
when a large quantity is smeared, even to a size of rice grain. 

It seems advisable to employ honey agar for isolation of 7. candida strain for 
the following reasons: (1) most of the obstructive fungi are checked in this medium 
during the first 3 to 4 days, (2) the object strain can be anticipated merely through 
microscopic observation, owing to its special characteristic of forming a large oil 
drop within a few days in each cell of the present strain when it is placed upon 
honey agar. 

No detailed examination was attempted to determine relations to the success of 
isolation according to influences in height of the sources from ground level. 

Successful isolation seemed to be not related to the sorts of pine trees. 


3. Identification : 


Taxonomic procedures were similar to those of Lodder (1952). As saccharose is 
highly heat labile, this sugar was sterilized by the treatment with 70% etyyl alchol 
for 24 hrs. at room tempt. Characteristics of the vegetative reproduction: The 
present strain reproduces by budding only; on wort agar, at the end of 9 daysa 
few of multilateral budding cells were observed (Fig. G), and after 10 days primitive 
pseudomycelium appeared (Fig. H). Shape and size of the cells are shown in Figs 
E and F. Ascospore formation; absent. Pellicle formation; absent. Only glucose 
and fructose were fermented in both the Einhorn tube and Lindner’s small fermen- 


tation test, while galactose, saccharose, maltose, and lactose were not fermented. 
The results of the sugar assimilation are shown in Table 3. 


* Honey on market —~200 gms., tap water ——800 gms. The concentration of the sugar solution 


was 16%, measured by means of a Kyodo’s hand Sugar refractometer. Adding 20 gms agar, at 
pH 46. 
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Table 3. Sugar Assimilation of Torulopsis candida 


Condition for | ba 
culture | slant culture, 3 Pee 

Kinds of sugar I 7 days, at 25°C (number of yeast cells per m1) 
glucose | ey 7) ae 624 x 106 | _ 
Angee a _- +H . a"? 296 x 106 ; 
fructose | H 520 x 106 
saccharose | ot 288 x 106 
maltose | te . 256 x 106 
lactose Lie = 208 x 106 
control _ ; _ 136 x 106 

++, heavy growth; +, moderate growth: ai growth; —, no growth : 


Ethanol as sole source of carbon: weak growth. Production of starch like com- 
pounds: absent. 


According to the above experimental observations, the author identified this strain 
as Torulopsis candida (Saito) Lodder. 


4. Other noteworthy features: 
(a) Oil drop formation: 


Distinguishable globular drops taking form in the cells of the present strain 
a few days on wort or honey agar turned out to become a visible feature. As 
this drop was stained black with osmic acid and also bluish black with Regaud 
haematoxylin, it is evident that the drop contains lipoid. The oil drop formation 
were examined in liquid and solid media of wort and honey, respectively, and it 
was confirmed that the formation did not occur in the liquid media, but only on the 
solid media (Fig. D). 


Table 4. The Growth of 1 Torulopsis candida at Various Temperatures 
(10° balling wort, at pH 4.8) 


ilution plate culture iqui i 
Condition for slant culture, wort dil pe Beat liquid Sa in wort 
culture agar (ratios of number (number of yeast 
of colonies) cells per ml) 

Expt. No. | 1 Tae 3 1 2 3 1 oe es 
| wec | + oF) = 10 10 10. }11x105) 8x105) 8x 105 
Temp. | ac | 4h ion) 25 25 25 | 65x105 54x 105 57x 105 
So ie | 4 22 22 23 149x105 380x105 39x10 
| ! eis bee ei 


Readings were made after 5 days 
+t, heavy growth; +, moderate growth; +, poor growth 
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(b) The optimum temperature for growth: 

The optimum temperature for growth of J. candida was examined at three 
levels ; 15°C, 20°C, and 25°C, respectively. The results are shown in Table 4. 

The optimum tempereture for growth of this strain seems to be near 20°C. 
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Explanation of Plate 


Figs. A—C. Protuberances from which exudations of Sources A, B, and L in text occured: 
Fig. A, Source A, protuberance on the exposed root from soil; 
Fig. B, Source B, on the branch; 
Fig. C, Source L, on the trunk. 
Figs. D—H, Cellular morphology of Torulopsis candida: (One unit scale represents 2.3 p.) 
Fig. D, on honey agar, after 3 days, at 25°C; 
most of the celis formed oil drops. 
Fig. E, on wort agar, after 3 days, at 25°C; 
Fig. F, in wort, after 3 days, at 25°C; 
Fig. G, giant cell budding multilaterally, on wort agar, 9 days, at 25°C; 
Fig. H, pseudomycelium, on wort agar, 10 days, at 25°C. 
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Formation of Starch in Storage Organs III 
The Starch Formation in the Root-tuber of 
the Sweet-potato 


by Shichiro Hor1i* 
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It has been shown by the works of Hanes (1940) with potato and of Nakamura 
and his co-workers (1951) with a number of different plants that most of their starch 
storage organs contain phosphorylase. But no histochemical studies have yet been 
available so far concerning the distribution and activity of this enzyme in storage 
organs, presumably on account chiefly of the difficulty of the removal of storage 
starch from these organs. 

In view of these situations, the writer attempted to remove the storage starch 
from the storage organs of some plants and succeeded in investigating phosphorylase 
histochemically. Previous studies (Hori, 1954) with potato tuber and maize kernel 
revealed that phosphorylase was generally detectable in all the tissues which are 
rich in storage starch such as cortex, medulla, endosperm, and embryo and also in 
the tissues with no storage starch such as cambium, sieve tubes, and nucellus ; 
starch grains were generally formed in the leucoplasts in the cells of storage organs 
through the supply of sugars. 

The present paper deals with a study of the starch formation in the root-tuber 
of the sweet-potato, employing the same procedure as with potato tuber and maize 
kernel. The results obtained differed in several important respects from those with 


potato and maize. 


Materials and Methods 


(1) Preparation of the Material 
In order to investigate phosphorylase histochemically, the experimental materials 
had to be made free of storage starch. But the removal of the starch from the 
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thick root-tuber of more than 7mm in diamter was found to be very difficult. 
Therefore, the materials to be employed in this experiment were necessarily limited 
to very small root-tubers of 5-7 mm. in diamter. After the plants with roots, stems, 
and leaves were taken out of the soil they were washed with water free of soil 
particles and kept in the dark with the roots and root-tubers immersed in water. 
In this case, it was found favourable for the removal of the starch to leave only fi 
or 2 root-tubers on each stem and cut away the rest of them from the stem. During 
the course of this treatment all the primary leaves fell away after about 10 days, 
when new buds began to grow at the leaf-axils and new etiolated stem and leaves 
appear at the stem tip. In this way, after about a month or more starch in the 
root-tuber could be removed almost entirely at room temperature of 15-20°C, but it 
took about two months at 10-15°C, and the complete removal of the starch was 
found almost impossible below 10°C. In the potato plant it was indispensable for 
the removal of starch to keep the tuber in air, while in the sweet-potato the dis- 
appearance of starch in the root-tuber seemed to be less affected by whether the 
root-tuber was kept floating on or immersed in water probably due to the absence 
of lenticels on the surface of the latter root-tuber as differed from the case in the 
former. 

The disappearance of the storage starch starts in xylem parenchyma* and ends 
in cortex (Figs. 1, 2). 

(2) Experimental Methods 

For detecting the distribution of phosphorylase, hand-sections from the starch- 
« free root-tuber were incubated in a 0.5 per cent bufferred medium of Cori-ester for 
24 hours and then inspected by the same method as employed in potato tuber 
(Hori, 1954). 

For examining the starch formation from sugars, the blocks of 1-2 cm in length 
cut from the starch-free root-tuber were placed in various kinds of sugar solutions 
with one cut ends exposed to air. After keeping them in this manner for 24 or 48 


hours, sections from the root-tuber blocks were inspected by the same method as in 
potato tuber. 


Results 


1. Distribution of Phosphorylase 

The products formed in the cells of the root-tuber by the incubation with Cori- 
ester for 24 hours were very small grains stainable violet blue with iodine, bearing 
a striking resemblance to the natural starch grains in form and iodine colour but 
not in size. They appeared in the cells mainly close to the cell wall, where numer- 
ous leucoplasts had been observed when the cells were free of starch, but not in 


* Xylem parenchyma of the root-tuber of the Sweet-potato is the tissue portion occupying 
the most part of the inside of the ordinary cambium, excepting vascular bundles, In this tissue, 
most of the starch is stored, so that it is commonly called the “Starch tissue’’, 
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the center of the cell (Fig. 5). The grains were found almost uniformly distributed 
in all the tissues where storage starch was to be formed, such as xylem parenchyma, 
phloem, and cortex, but not at all in the tissues lacking the storage starch, such as 
epidermis, external cortical cells, and vessels. As an exception a small amount of 
starchy products were formed in the cambium where no starch is stored. 

2. Starch Formation from Sugars 

When the block of the starch-free root-tuber was immersed in various kinds of 
sugar solutions with its one end exposed to air for 24 hours at the temperature of 
15-20°C, starch grains were formed in cortical cells and in xylem parenchyma from 
certain kinds of sugars, but none from the other. It is interesting to note that the 
tissues kept in the sugar solutions which are incapable of starch formation showed 
strong plasmolysis after 24 hours of incubation, while no such phenomenon was 
observed in the sugar solutions where abundant formation of starch had taken place. 
Those sugars which caused slight plasmolysis after 48 hours of incubation formed 
starch but little during 24 hours of incubation. 

Below the temperature of 10°C, no starch was formed at all from any kind of 
the sugars tested. 

The formation of starch and the occurrence of plasmolysis in various kinds of 
sugar solutions are indicated in Table 1. 


Table 1. Formation of starch and the appearance of plasmolysis in the root-tuber 


cells of sweet-potato in various kinds of sugar solutions 


Incubation time, 24 hours Incubation time, 48 hours 
ere a Starch formation Plasmolysis Siaren fipmarion : y pidsmolves 

Sucros2 - ri : : x“ ——) ~ 0h x 
Maltose . + Sa x | ate © 
Glucose : zs = x i “Ts O 
Fructose + x a O 
Galactose = x : - ; O 
Mannose | = (©) = — © 7 
Xylose | — (©) = © 


Concentration of sugar, 10%; Temperature, 15-20°C; Starch formation: —, none; +, trace; +, 
abundant; Degree of plasmolyss: x, no plasmolysis; ©, slight plasmolysis; ©, strong plasmolysis. 


As may be seen in Table 1, starch was formed from sucrose, maltose, glucose, 


fructose, and galactose. Among them sucrose was found the most favourable, and 


caused no plasmolysis. In this case, however, the amount of starch did not increase 


by further incubation than 24 hours. From mannose and xylose no starch was 


formed. 
The starch grains thus formed showed the same appearance as the natural 
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storage starch in iodine colour and shape, but varied markedly in size. They were 
ee chiefly close to the cell wall in the same manner as the products from Cori- 
ester, but almost absent around the nucleus, where leucoplasts occurred rarely. In 
this respect the mode of starch formation of sweet-potato differs from that of potato 


tuber and maize kernel (Fig. 6). 


Discussion 


The starchy substances produced from Cori-ester in the cells of sweet-potato 
were localized almost exclusively close to the cell wall, where the presence of leu- 
coplasts had been observed when the cells were free of starch. This observation 
might indicate that in the sweet-potato the products arise solely from the leucoplasts 
and that no phosphorylase is contained outside of the leucoplasts. In this respect 
the sweet-potato differs from potato tuber and maize kernel, where the starchy pro- 
ducts appeared not only in the leucoplasts but also outside of them. Accordingly, 
it appears rather likely that the localization of the phosphorylase in the cell differs 
with the species of plants, not being necessarily limited to the plastid. 

The difference in the starch formation between sweet-potato and potato or maize 
kernel manifests itself also in the shape and iodine coloration of the products from 
Cori-ester. In sweet-patato the products are very small grains stained violet blue 
with iodine, while in potato tuber and maize kernel they appeared in minute granules 
or branched chains of granules showing iodine colours of pure blue in the former 
and violet in the latter. 

The noteworthy results obtained in this experiment are that there seems some 
relation to exist between starch formation and plasmolysis. The most favourable 
sugar for the starch formation was sucrose, which caused no plasmolysis of the 
cells of the root-tuber when the tissue was immersed in this sugar solution for 48 
hours. In the solutions of mannose and xylose where no starch formation occurred 
at all, strong plasmolysis was observed. Maltose, glucose, fructose, and galactose 
all of which were available for the starch formation to a lesser extent caused slight 
plasmolysis when the incubation period was longer than 24 hours. The amount of 
starch formed from these sugar was small as compared with from sucrose. Thus it 
appears probable that the starch formation may be intimately related to the per- 
meability of the sugars to the cell of the root-tuber. The failure of mannose and 
xylose for starch formation might be due to their low permeability rather than the 
inability of the cell for the conversion of these sugars to starch. 


Summary 
1) The distribution of phosphorylase and the starch formation from sugars in 
the root-tuber of the sweet-potato were histochemically investigated. 


2) In the root-tuber of the sweet-potato phosphorylase was detected in all the 
tissues where storage starch was to be formed, such as cortex, phloem, and xylem 
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parenchyma but it could not be demonstrated in the tissues devoid of the storage 
starch, such as periderm, external cortical cells and vessels, with the exception of 
cambium where no starch was stored. 


The products from Cori-ester were very small grains, resembling natural starch 


grains in shape and iodine coloration. They were formed solely in the cells with 
leucoplasts. 


3) By the supply of various sugars through the cut end of the starch-free root- 
tuber, starch grains were formed in the cells of cortex and xylem parenchyma. 

Of the sugars tested, sucrose, maltose, glucose, fructose and galactose were 
found to cause the starch formation, while mannose and xylose were ineffective. 


Explanation of Plate 


Fig. 1. Transverse section of the root-tuber of sweet-potato, which was kept wet in the dark 
for 10 days at 15-20°C, showing the storage starch beginning to disappear in the xylem-parenchy- 
matous cells bordering the vascular bundles; stained with iodine. x15. 

Fig. 2. Transverse section of the root-tuber of sweet-potato, which was kept wet in the dark 
for 20 days at 15-20°C, showing the storage starch remaining in the cortex; stained with iodine. 
E, epidermis; Co, cortex; Ph, phloem; Ca, cambium; XP, xylem parenchyma; V, vascular bundle. 
Lb: 

Fig. 3. Transverse section of the root-tuber which was entirely freed of storage starch, 
showing all the cells emptied of starch; stained with iodine. 

E, epidermis; Co, cortex; Ph, phloem; Ca, cambium; XP, xylem parenchyma; V, vascular 
bundle. x15. 

Fig. 4. Transverse section of the root-tuber, showing natural starch grains stored in the 
xylem-parenchymatous cells ; stained with iodine. x 200. 

Fig. 5. Transverse section of the starch-free root-tuber incubated with Cori-ester solution for 
24 hours, showing the appearance of starchy substance in the xylem-parenchymatous cells; 
stained with iodine. x 200. 

Fig, 6. Transverse section of the starch-free root-tuber immersed in 10 per cent sucrose 
aviaeion for 24 hours, showing the starch grains formed from the sugar in the xylem-parenchyma- 
tous cells; stained with iodine. x 200. 
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iA Dees 
EFFECT OF GLUCOSE-I-PHOSPHATE AND INORGANIC PHOSPHATE ON THE ACTION OF MAIZE 
Q-ENZYME IN THE PRESENCE OF P-ENZYME Reaction temperature, 30°. Q-Enzyme action was 
stopped by heating after incubation period as indicated and then the reaction product was sub- 
jected to the action of g-amylase. With 1.0 ml. aliquot of the digestion mixture maltose was estimated. 


Maltose produ- Polysaccharide ‘Maltose to beActual produc-| Maltose 


seu ee a npredaced by theformed in thetion of maltose produced 
Reaction Reaction) ined in the en- action of P-enzy-reaction mixtureby the action (B) x 100 
mixture time zyme solution _, : ila ee 1 (A) 
aurinptthe reac (me during thefrom total poly-of $-amylase 
ition time reaction time —_ saccharide (A) 
hour mg. | mg. mg. mg. %G 
0 0) a eos 89 
A 12 0.05 | 1.45 1.02 70 
B 12 0. 05 G), 1.58 1.14 Wes 
C WZ Omit 1.39 0. 94 68 
| 


*: calculated from milligrams of inorganic phosphate liberated from glucose-l-phosphate. The 


determination was made by the method of Fiske-Subbarow!)D . 


A: 0.3% Amylose 4.0 ml,, 0.25 Citrate buffer (pH 6.7) 2.0 ml., Enzyme solution 1.0 ml. 

B: 0.3% Amylose 4.0 ml. 0.014M Gl-1-P dissolved in 0.25M citrate buffer (pH 6.7) 2.0 ml. 
Enzyme solution 1.0 ml 

C: 0.3% Amylose 4.0 ml., 0.25M Citrate buffer (pH 6.7) 1.5 ml., 0.2 M Phosphate buffer (pH 
67) 0.5, Enzyme solution 1.0 ml. 


YrAte QUSLAMRICT 2 P -ARBMG PEE RAIL bh vee ay Oeste (URE 
SUCRANLIERKIT4Z490¢6b4tEbnS. 24 RRR)) CG 5%, Yret <BRoOVSIeR 
AE IB RE OBR RIC BAS 5 SER— iio AD DLE DOREED Chok, CONDE 
BREVIS C a RBAECRLARES, 7s SHEL, QHD RIROMRICEY, 8-7 
BP-ALOT SPAPFYNOB(LAMY bhrit SF— CIOL SDK GIRIS PRICE PT S25, 
DORCERMALEA, CheAMSA Qe bY PR 2YBROGES CLARITY 62% Bit 
MCHSLW5RLHECBBTALUR, 47 CRAICEL, OMAR Ve Wt SHICLS 
TUN FY DABS OT 1. a— 2 PAAR BE eH Lt 1% DERDOk, Rbvte 
We <, £ OPERA HEE a BEA CIT tyY QHRICLS RROVSC, Mone 
FRB AEFS LWMERMEARPORT LICE fEFASRIRRAPAEIC EES 4%, BOAR AB 
24 0CHA5 DLHEM SHA, FO CL OME LT ¢ SHRA EM SIS 
ORG EA OMAR B-7 < F-—VICLAD ky Easy RU Sette QHMECEYUE 
RERRIC OWT LEN CORBA HU HEMSYHTEP LO—AEVBRL-P sa 
Rede ie Ox] (kt, SVE ewES ZO cil ADFYOMEOWR—7 svi vr Fy WR: 


UR eb OR MORINAGIEL DO, 0.875 ml. 0.3gm. Veet eF sU—-A*X 0.5cc OT* 
t & 
ae OTE LCi Lies 7 —-)- GiH3s Lic, 20cc  0.5N NaOH # 
fieg eee ese oe 
oe CRRA CY ew te Qe INA CRUTKIGE CHD L, Basle 0.5N HoSOg 
FICO CRM RE IGRUT Fig. 2 cit CI a DAN? £V VIC Lee, Fea 
CONG QHRMIGBOT sF-—vICL ZY ZC 100ce ELK CHK 0.25M y= vee 


December 1955 Bot. Mag. Tokyo, Vol. 68, No. 810 355 


SEF DOGS WRT EEME EL LC 9% IP 
THD, FUBRIG IC 15 OE 
DURA LC HE SERIE Stare, 60° 
Al L, BEM aU UT BRN Pe, 
UC 2 1 ERK TKIC HSL, HITE] 
RS LIGK 21 ORK LUCIE 
ML, =2R7-NARIMAC 270% 2b 
Lko WR & iti CHD, =z 
2-NC2[E], =—-F 1-2 [BIYENE 


MALTOSE, per cent 


e) 3 6 12 24 ; 
t%, PoOs EYRE RRR LE WHE 
REACTION TIME OF Q-ENZYME, hours 85%. CDT san FyYR BOT 
Fig. 2. Decrease of limit of hydrolysis by B- SPACES CARL, Hic 
amylase of potato amylose by each action bY Er ay Q-HSEe (EN REE 


of maize Q-enzyme and potato Q-enzyme. 


as of oS Sake je 45 ive 
(+) Maize Q-enzyme. (°c) Potato Q- a Ae 


BE PPS LL BM bhi gd 


enzyme. 
Reaction mixture contained 4,0 ml. of Teo 
0.3% amylose, 2.0 ml. of 0.25 M citrate YrRE QMBCLAV sv 


Bafies (pH 6.7) and 1.0 ml. of Q-enzyme AD Fy OF 4 MGV > AUC 
solution. Reaction temperature, 30°. After 


Hee fp - =] ~ iH Se = 
heat inactivation the reaction mixture (PCITOR. te AT Lic Be 3s HEI, 
was added with 8-amylase and the resul- Yr 4 evETP 100cc kb SRE 
ting maltose was determined. 32% 25 cc OJKITIAMBA UC fe Se 
Ko 72 Rela] ORB OBR Ic aa 
LRH 25cc & YRIML, Fic 
70 FSH] BU Sb EO RBIEEY 


F; eu 2 yMICIs BL ABRICIYE 
: L, HIG OWE CT 2B ADT Fy 
Ps ED So 
2 SOE] PICA OFA ULE PR a 
Re DOM. 
Sg BFL F—-vVICLAT LHe oF 
Y OSE: O3%T car FY CR 
0 } 2 3 4 5 WRIISEICT 3 — 2S LICE 
TIME, hours MEU Ze) 4.0ml., 0.25 Mv vie 
Fig. 3. 8-Amylolysis of amylopectins formed iH (pH 6.7) 2.0ml., p-7 2 7— 
from potato amylose. (+) Amylo- PAE 2.0ml. G 30° C42 & ae F- 
pectin obtained by the action of BED BT = > — -EAPIPORIEISERE 
maize Q-enzyme. ( = Amylopectin eee eo 
obtained by the action of potato 
Q-enzyme. VATFY OFM, Tse 
DFY tye 4.0m]. & 7% HeSO, 
aie (pH 6.7) 25cc kus 30gm.  fi% ke 10cc MIRAGE 100° 1c 3 REAM 
FebveER AYRE L OTERHRE 25 cc OKC FAL, F ie -AOMBRKOLARICBECCT 
VARR CUA To VPRO bey YIM 30° C a — Ame MiELCKDOE, MiCRSnNSL5 


29 BERG Stke, KI POTS F-HICLZ ie, REARILIEICIR ZS D LMG—-BLL, kytpa 


356 ‘im SF Me a 


ction 


Extin 


450 500 550 600 


Fig. 4. Absorption spectrum of amylopectin- 

iodine complex of the amyiopectins 
(—) 
Amylopectin formed by the action of 
) Amylopectin 
formed by the action of potato Q- 


formed from potato amylose. 


maize Q-enzyme. ( 


enzyme, 


#68 4& FF 810 & 


nAAN 30 4F 12 A 


Teer I7Fy-3—F MHaWO 
fH Be U ILA bavih, ABE 
LUBRKEA DEIGe McCready 
Reus Harsicd) OGY bOC 
fase, G.E. Gta c wile 
ee Pee SS aee  S 
AYFy OBSii a BSE 
fa, Droit REC LABS ct 
TEA, REN SORMA<F br 
Oued Mise Vere Wiese ones 
650 Sra 575 my. Be Us 535 my. -G, 


Py HIAIAee LOCK 40m RR 


DIZ ICH BOTW Ko 
THASEMIKIC EW AOL 
ToD, KAKOREEL RE: O, 
hyeuvay QMS LocmEe 
LR te X27 FY RSAC 
ILPOe EC Ko 


TABLE. J 
PROPERTIES ‘OF AMYLOPECTINS FORMED FROM POTATO AMYLOSE By THE ACTION 


OF MAIZE Q-ENZYME AND POTATO Q-ENZYME. 
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Summary 


The branching enzyme of non-waxy maize seeds (Country Gentleman x Wisconsin 
No. 690) was found to belong to the Q-enzyme type, and it differed from potato Q- 
enzyme producing a slightly different amylopectin. The amylopectin produced was 
saccharified by soybean 8-amylase to 59~62% (calculated as maltose), and gave an 
iodine complex with a maximum at 575 my in absorption spectrum, while potato Q- 
enzyme yielded an amylopectin with a limit of saccharification by @-amylase of 49% 


and with an absorption maximum of iodine complex at 535 mp. 
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BE CHARA 
tA N. trigonophylla (n=12), N. undulata 
(n=12), N. rustica (n=24) (kAiOMA (1951, 
1953a) IC CHR LRA ORHOCKR, CHSt N. 
tabacum (n=24) DGht & OAC Behe eiTOK. 
N. trigonophylla x N. tabacum (& 1951 4B\ZfFO 
RBRM Lo 1951 lc (cH AAID N. tabacum 
x N. trigonophylla #ft\., Far RER. N. un- 
dulata & N. tabacum, Jeu. N. rustica & N. 
tabacum & O[WIC(LZM OF wha VAT ORAS, 
1951 SEI 38> C FE OTH RD BIL KM OMT 
(LP SNe DOKS 1952 Ble ssv clk N. undu- 
latax N. tabacum (Odaruma) &, % @xifaeme& 
RMNEH BELGE OVW CH, BIBS 1H 
CRC 2M EOP REG HR. EUCHFDL0D 
Fe. ADIN HERE A278 fe, N. rusticax N. tabacum &, 
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tabacum (Odaruma) % 157 7EICOVC HOT 
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Fig. 1. F, N. tabacum~x N. trigonophylla, 
IM, side view, 71+ 22 
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ICHRICaHS. WRB ¢ SMAeA 
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(MZ eK-C, SGT D AID: Bea ic bh 
IVD 

SBN: SFB IC ds C (LAKSHWOK 
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ZOBIILB—-GR ORBEA DAA & Do 
se— Flap, BBCi C, Hii B—DAe 
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(2) WN. undulata (n=12)x N. tabacum (n= 
24) © Fy 

KILLS RE UC N, tabacum 17k 04 SWC 
WC, HOKE M. tabacum LBA LAKES 
So #4 N. undulata LOR ED, BAK 
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Fig. 2. Fy N. undulata x N. tabacum. a, early diaphase, 
3n1+9m+9r. b, IM, side view, 211+30] +1 jointed chro- 
of two 
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Dm Fy 

AWI—bL N. tabacum ICDA, ELS 
AZét N. rustica OV RA4ECOCHN CWS 
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ChSo MMRALAT.. MFILERS TEV, 
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c, tetrad stage, abnormal nuclei 
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RUS, BEC FESR SEIT LCS, 
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N. tabacumx N. trigonophylla (RUPE A 
» SER OWGIN RMA ICL. Fe7e Christoff 
DAO wWAashd CREATE RE REEE 
SChS. LOL N. tabacum D—-FOF ile 
ist t¢Hbn4 N. tomentosa KOLO, N. 
trigonophylla & Of|OD ZEHEC (LMA LRA ds 
% 4, Goodspeed (1934) (k WN. trigonophylla 
x N. tomentosiformis & N. trigonophyllax N. 
tomentosa \(MUILT, Hig Glk O~9 DO, HY 
Cik 2~1] OBR, B—-SBPwc A 
TWHHo EALICAI UT Kestoff (1941-43) (e N. 
trigonoplhylax N. tomentosiformis -¢ 0~8 DO= 
(MBAR LCOS, OAS 2-5 Bed, 
ve N. trigonophylla x N. tomentosa Gilt 2~10 
DAME ADB WOE LRG LCOS ELT 
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Fig. 3. Fy N. tabacumx N. rustica. a, 1M, 
polar view, 4;7+20; +8 jointed chromosomes, 
of which jointed chromosomes are composed 
of two or three chromosomes. b, 1IM, polar 
and side views, showing some undivided chro- 
mosomes and chromosome fragments. 


CD14 N. trigonophylla (x Tomentosa 
group &¢ OIC OY 29 Gh4ZDb, N. 
tabacum & OlwICMEBeE CIES oC LIBR ON 
4. WN. tabacumx N. trigonophylla © Fy D8 
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tisto® N. tabacum & N. trigonophylla ED 
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N. tabacum D 2 D subgenome D/Y Sylvestris- 


genome (i WN. trigonophylla D genome £ Ojx] 
ina De Ete 4 OLHEBSHS, 

N. undulatax N. tabacum & ZDjhZeRID AY 
Gt BAORANGE hk BOB It MOC WE 
log Ef: N. sylvestris zUs Tomentosa OD 
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BATEV., ULMAl\c N. undulatax N. tabacum 
D Fy BAM ss\-Tlk O~8 OM MMA AA: 
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DRX N. tabacum D 2 DM subgenome fxjoy 
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N. tabacum N, rustica \=t% Eghis (1927)'23 
DAL, Rybin (1927) 23% OAMIEM Mw SE w 
KL. Eve Eghis (1933) (Le OjasAdc 4 pv 
WAL. Us L East and Hayes (1912), Savelli 
(1927), Christoff (1928), Kostoff (1930, 1937) 
keos Ternovsky (1985) (Le Dj asHirO Ape 
Tait. N. tabacumx N. rustica Fy OAR 
Kostoff (1941-43) Oi Lt: N. rusticax N. 
tabacum F; ££ <—-344, Kostoff (272009 
< OPEMERE GE 5~24 OAL RA dL eds, Ch- 
ristoff (1928) & Ternovsky (1935) (k= < PH 
DARE RABE LENT Seb Ohk. Blt 
N. tabacum~x N. rustica Fy \¥s\.T 1~10 O= 
(MELB ABU LTD, 83~6 SHG, 4 DEK 
BRChH OR. LabBic N. tabacum D 2 
subgenome, sylvestris & tomentosa & OfHI\c 
bMTHADKEAKOSCLERE LEAR, 
1936b), *f: N. rustica D 2 D subgenome, 
paniculata & undulata ED HICAOIESO 
HEAD ET HS RBH) D6, bCUARB 
Al GEE) Hac tabacum genome & rustica 
genome & D[KJOAAG E LMA OBB AM 
ChE cltMeCei. LO UMNIC= iE 
DEBAKD Sx &, SROIRERGDHSLE, 
To: N. tabacum x N. paniculata Fy (4st 4 He 
fate BANE A, tabacum D 2 DM subgenome fy] 
DOPMELOLMWYC EMS, tabacum genome 
+ rustica genome & Olncle DRO Wor tla He 
faAtkDibS4LO LHR SNS. 

Kostoff (1941-43) (k N. rusticax N tabacum 
Fi DAHLE CULM eB ed ORD, Bi & AE 
& DAH CLF AG Kho BHO Ek N. tabacum 
xN. rustica Fy D 105 f§DED BAUS CULE 
Fae BigbORd, © OME UT N. taba- 
cum #LE LAGAICIL 72 HOES 2 Ho 
Fike Rizo 


Abstract 


The three species, WN. tvigonophylla, N. undulata and N. rustica were crossed 
reciprocally with N. tabacum. The crosses N. tabacum N. trigonophylla, N. un- 
dulatax N. tabacum and N. tabacum (Odaruma)x WN. rustica (Afghanistan) gave 
some seeds, while no seeds were obtained from the three remaining crosses. No 
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report on the hybrids N. tabacumxN. trigonophylla and N. undulatax N. tabacum 
or their reciprocal crosses has been published, so far as I know. 

In external characters the F, tabacum-trigonophylla, is somewhat smaller than 
N. tabacum, the leaf form is intermediate between those in the parents, and the 
flower colour is a pale red. F, undulata-tabacum is more similar to WN. tabacum 
than to N. undulata, but its flowers are pale yellowish red, showing an intermediate 
color between the two parents. The morphology of F, tabacum-rustica agrees with 
that of Kostoff’s cescription of the reciprocal hybrid (N. rusticax N. tabacum). 
These three hybrids were all vigorous. 

All the hybrids mentioned above, showed considerable irregularities in the meiotic 
behaviour of the PMC’s. Polysporous PMC’s were often observed, and the hybrids 
were completely sterile. 

At first metaphase in F; tabacum-trigonophylla, 0-11 bivalents, mostly 5-6, were 
counted. In F, trigonophylla-tomentosa and F, trigonophylla-tomentosiformis, Kostoft 
(1941-43) observed 2-10 and 0-8 bivalents, respectively. Accordingly, the chromosome 
ccnjugation in F, tabacum-trigonophylla is assumed to be caused mostly by semi- 
homologous chromosomes between the tvigonophylla genome and the tomentosa sub- 
genome, not the sylvestris subgenome, of N. tabacum. In F, undulata-tabacum, 0-8 
bivalents, mostly 3-5, were observed. In this hybrid the number of the bivalents is 
a little more than that of the chromosome conjugation in haploid tabacum or Fy 
sylvestris-tomentosiformis. Accordingly it is assumed that a few semihomologous 
chromosomes are present between the undulata genome and the two subgenomes of 
N. tabacum. In F, tabacum-rustica, 1-10 bivalents (also multivalents) were formed 
at the first metaphase and some secondary associations were observed at first and 
second metaphases. Christoff (1928) and Trenovsky (1935) also observed a small 
number of bivalents in F, rustica-tabacum, while Kostoff (1941-43) found many 
bivalents, as many as 5-24, in the same hybrid. The cause of these different results 
was not determined. 
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Table 1. Diameter of roots and steles, and 
the patterns of the steles. 


Diameter Diameter 
ot root of stele Pattern of stele 
in pv. in p 
Normal seedling roots 
930 430 tetrarch 
900 300 tetrarch 
740 320 tetrarch 
Adventitious roots 
900 450 tetrarch 
850 350 tetrarch 
550 250 tetrarch 
510 180 tetrarch 
500 190 tetrarch 
480 140 triarch 
290 719 triarch 
280 90 triarch 
420 110 diarch 
380 65 diarch 
320 80 diarch 
iff Ee] 
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Summary 


1. Isolated cotyledons of Vigna sinensis were cultured on nutrient medium. 


When a part of the hypocotyl remained at the base of the cotyledon, the former 


grew out in a bulge, from which adventitious roots appeared. 


2. When a cotyledon was cut at the base so as to remove entirely from the 


hypocotyl, the cut surface was covered by callus. In such a case, adventitious roots 


‘formed from the callus. 


3. When a cotyledon was cut into apical and basal halves which are nearly 
equal in size, the cut surface of the apical pieces produced calluses and roots, while 
that of the basal pieces produced neither callus nor roots though they are formed 


at the opposite end. 


4. Anatomical studies revealed that primordium of the adventitious root was 


differentiated from the parenchymatous cells of the phloem in the callus at the cut 


end of leaf vein. 
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5. It was discussed that the root formation might be influenced by the supply 
of hormone and other materials through the vein, and also by the amount of parenchy- 


matous cells present in the phloem. 
6. The number of arcs of the adventitious roots varied from four, a normal 


condition of the primary root, to two, intermediate conditions occurring also 


frequently. 
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Explanations for figures 
Fig. 1. a-f. Adventitious roots formed on the isolated cotyledons. 
Fig. 2. Callus and root primordium formed on the isolated cotyledons with hypocotyl fragment. 
a. Swelling of the hypocotyl fragment. cultured 3-days. x138.4 
b. Initiation of lateral bud and root primordium, cultured 4 days. 
b:bud; p: privordium of adventitous root. x13.4 
c, Larger magnification of b. x 26. 
d. Root coming out of the swelling of the hypocotyl fragment. 5 days. x13.4 
Fig. 3. Callus and root formation on the cut end of the leaf vein. 
a. Cut end of the leaf vein, showing the tracheids filled with granules. Mesophyll cells 


contain starch grains. cultured 2 days. x 266. 
b, Cutinized cut surface and cell proliferation at the cut end of the vein. Starch grains 


have disappeared from the mesophyll cells in several layers under the cut surface, 4 days. 
x 266. 


c. Callus formed on the cut end of the vein, and the initiation of root primordium. p: root 
primordium. 5 days. x66. 
Swelling of callus and protrusion of leaf vein at cut end of cotyledon. 4 days. x 13.4 


e. Callus and root primordium formed on the cut end of the vein. p: root primordium. 5 days. 
x52. 


f. Root formed on the callus 5 days. x80. 
Fig. 4. Various patterns observed in the central cylinders of the roots. 
a. Centrel cylinder of primary root of normal seedling, showing tetrarch vascular arrange- 
ment. x 80. 
Central cylinder of an adventitious root, showing tetrarch condition. x 160. 
Triarch central cylinder of an adventitious root. x 240. 
e, Diarch central cylinders of adventitious roots, x 160. 
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Rapid Test of Free Asparagine in Plant Sap 
by a Fan Shape Paper Chromatography* 
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The concept that asparagine and glutamine play different physiological roles in 
organisms is widely supported by many experimental results. 

The author has found in rice plant that glutamine has a principal role in the 
nitrogen metabolism whereas asparagine functions as a storage of excess nitrogen, 
appearing in the plant only when it takes up nitrogen in excess.” Asparagine was 
considered thus to be a good indicator to assess the nitrogen requirement of rice 
plant, this having been proved by the experiment.?” 

To apply this method in the fleld, a simple detecting method of asparagine 
was hoped for. 

The author developed a paper chromatographic method for this purppse inde- 
pendently of the similar one which has been reported lately.» 

This method, which is mentioned below in detail, can also be applied for the 
detection of free asparagine in many other plant species. 

Sampling: The plant leaves are cut and pinched very severely. The sap thus 
obtained is placed on a fan shape filter paper with a micro pipett or capillary tube. 
The sampling must be followed immediately by the pipetting, because sometimes 
asparagine has been detected in such a sample as showed normally no existence of 
asparagine, if they were laid away for four to six hours after the sampling. This 
may be caused by an abnormal decomposition of protein. The procedure, therefore, 
must be finished within an hour in any case. 

Filter paper: The filter paper used in the present study was No. 5A (15cm in 
diameter) made by Toyo Roshi Co, Ltd. (a rapid filtering paper of loos texture.) 

As sbown in the Fig. 1 (a) (b), the filter paper was cut into six pieces of fan 
shape. 

Solvent: The n-butanol-acetic-water slovent® is modified as follows: n-butanol 
including 0.4% ninhydrine, glacial acetic acid and water were mixed 4 :1:1 in volume 


* This research was reported at the meeting of the Society of the Science of Soil and Manure 


on April, 1955. 
** Shiga Agricultural College, Shiga Prefecture, Japan. GEA eG AS 
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ratios. To save the spray after development ninhydrine is added into the solvent 
beforehand. 

Development: As shown in the Fig. 1 (c), dip the narrow part of the filter 
paper into the solvent and let to stand until the solvent moves almost to the arc end. 

Usually the development requires about thirty minutes 27-30°C. 

Colour development and identification: After the development the paper is 
heated to identify amides and amino acids spots. 

It is quite easy to find out the asparagine spot, if it exists, because Rf of aspara- 
gine in n-butanol-acetic-water solvent is the least among such amino acids and 
amides as are usually contained in plant sap, and because the asparagine spot ex- 
hibits greyish blue colour distinct from purplish blue spots of others. 

If the more precise detection is required, chemical pure asparagine should be 
run on the same paper as the standard. 


(a) 


Fig. 1. (a) No. 54 filter paper (15 cm in diameter) is cut into six pieces. (b) Each piece 
is cut out like the figure. The sample is placed on the spot. (c) Developement. The narrow 
part of the filter paper is dipped into the solvent holded in petri dish. (d) Identification 
of asparagine. 


References 


Steward F.C., Thompsan J.F. in H. Neurath, Bailey K., The Proteins 2: Part AP. 525. Academic 
Press, New York. (1954) 2) Ozaki, K. Moriyama, M. J. Sci. Soil and Manure; Japan 22: 323 
(1952) Cin Japanese) 3) Ozaki K., J. Sci. Soiland Manure, Japan 25: 20 (1954) (in Japanese) 
4)Ozaki; K. Soil and Plant food 1. No. 2 (1955) 5) Asami, M., Kagaku 25: 371 (1955) (in 
Japanese) 6) Reed L.J., J. Biol. Chem. 183: 451 (1950) 


Perforating Growth of Conchocelis in Calcareous Matrices 
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It was stated by Drew (1953) that the Conchocelis-phase of a species of Porhyra 
was found in the peduncular scales of the barnacle, Pollicipes cornucopia, and that 
this Conchocelis-phase showed a close resemblance to C. vosea Batters, an alga 
frequently perforating in variety of matrices such as shells, calcareous algae, cal- 
careous stone, etc. In our laboratory, perforating growth of filamentous germlings 
from spores of Porphyra and Bangia was investigated experimentally, using thin 
plates of calcite and lime stone. Material plants were obtained from Osaka Bay. 
For preparation of matrix substratum, pieces of transparent calcite and lime stone 
which had previously been cemented on glass slides were ground as thin as 200 to 
300 w by means of a grinder. These matrices facilitated microscopic observations 
on growing filaments by transmitted light. 

With these material plants and matrices subsequent experiments were carried 
out since March 1955. The results obtained are as follows; 1. Spores liberated 
from Porphyra tenera, collected on March 24, gave rise to be so-called germ tubes, 
which immediately penetrated into the lime stone plate and grew up to Conchocelis 
filaments. The growth patterns were almost similar to the case in oyster shell. 

2. Filaments occurred from the spores of Porphyra tenera which had teen 
obtained on April 5 also penetrated immediately into the inner layer of calcite and 
grew up to ordinary Conchocelis form as the case in the inner layer of oyster shells 
in natural habitat. Spores germinated on slides at the same time developed creeping 
filaments in a way similar to the previous description by Kurogi (1953). 

Differences in form and behaviour of growth were little between natural and 
experimental ones, although the latter seemed more obtuse in the whole shape. 

It is of interest that the direction of branch growth seemed to have some con- 
nection with the cleavage plane of calcite. That is, some of the marginal filaments, 
which had been growing at right angle towards the direction of cleavage plane or 
the interstice-like lines, turned the direction and grew along them, and vice versa. 

3. Conchocelis filaments in these calcite and lime stone matrices survived until 
this autumn through the summer. However, dead filaments, faded in colour, were 
found abundantly in calcite more than in shell matrix. 

4. The first experiment on Bangia fusco-purpurea was performed with the 
material collected on April 5. The germination of spores of this species gave rise 


* Biological Department, Institute of Polytechnics, Osaka City University. 


372 ‘i i) % ME RH 68 HF 810 S ABA 30 4F 12 A 


to filaments which penetrated into calcite matrix, showing considerably more rapid 
and extensive growth than in Porphyra. In such a matrix they developed into exten- 
sive colonies, which were more reddish in colour and obtuser and broader than Con- 
chocelis filaments of Porphyra. 

It is of interest that the bell-like inflations arose on the secondary branches of 
the filaments in the early stage of development. 

In the case of this sprcies the direction of cleavage plane of calcite appeared to 
have more remarkable relation to the direction of growth in branching than in the 
case of the filament of Porphyra in calcite. Particularly, interstices due to cleavage 
plane seemed to have a close relation with the direction of branch growth. Unlike 
the radial development in oyster shell, more or less square colonies of filaments 
developed in the calcite matrix. But such a tendency is not absolutely constant but 
seems rather fortuitous. 


Fig. 1. Conchocelis filaments of Bangia fusco- 
purpurea in calcite matrix showing the 
branch growth influenced by cleavage direc- 
tion. x 60 (Photographed on May 26), 


Fig. 2. Inflated branches of Conchocelis fila- 
ments of Bangia fusco-purpurea in calcite 
matrix. x250, (Photographed on May 26). 


These filaments survived through this summer and “ fertile cell-rows” (termed 
by Drew) occured on these filaments in this autumn although the dead filaments, 
faded in colour, were more abundant than in shell matrix. On November 7, numerous 
uniseriate upright plantlets became observable on the calcite surface. These doubt- 
lessly occurred by germination of “ monospores” (termed by Kurogi) from fertile 
cell-rows of Conchocelis filaments of Bangia employed. 


As considered from the above results, germlings from both Porphyra and Bangia 
are usually ab‘e to penetrate into such inorganic calcareous matrices as calcite and 
lime stone, and to grow as normally as in the shell matrix. Further investigation upon 
the mechanism of penetration into substratum matrix is now in progress. 

I wish to express here my hearty thanks to Dr. S. Segawa for his kind advice 
and to Prof. S. Miki and Assoc. Prof. S. Nagai for their continuous encouragements. 
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